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BARLEY GENE FOR THIOREDOXIN AND NADP-THIOREDOXIN REDUCTASE 

This application claims the benefit of the filing date of application Serial No. 60/127,198, filed March 
31, 1999 pending, application Serial Nc. 60/169,162. filed December 6, 1999, pending; application 
Serial No. 60/177,740 filed January 21, 2000, pending; and application Serial No. 60/177,739, filed 
January 21 . 2000, pending, all of which are expressly incorporated by reference in their entirety. 
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BACKGROUND OF THE INVENTION 

Thioredoxins are small (about 12 kDa) thermostable proteins with catalytically active disulfide groups. 
This class of proteins has been found in virtually all organisms, and has been implicated in myriad 
biochemical pathways (Buchanan ef a/., 1994). The active site of thioredoxin has two redox-active 
cysteine residues in a highly conserved amino acid sequence; when oxidized, these cysteines form a 
disulfide bridge (-S-S-) that can be reduced to the sulfhydryl (-SH) level through a varietyrof specific 
reactions. In physiological systems, this reduction may be accomplished by reduced ferredoxin, 
NADPH, or other associated thioredoxin-reducing agents. The reduced form of thioredoxin is an 
excellent catalyst for the reduction of even the most intractable disulfide bonds. 

Generally only one kind of thioredoxin is found in bacterial or animal ceils. In contrast, photosynthetic 
organisms have three distinct types of thioredoxinrChioropiasts contain a ferredoxin/thioredoxin 
system compnsed of ferredoxin, ferredoxin/thioredoxin reductase and thioredoxins f and m, which 
function in the light regulation of photosynthetic enzymes (Buchanan, 1991; Scheibe, 1991 ; Vogt et at, 
1986). The other thioredoxin enzyme system is analogous to that established for animals and most 
microorganisms, in which thioredoxin (ft-type in plants) is reduced by NADPH and NADPH-thioredoxin 
reductase (NTR) (Johnson et a/., 1987a; Fiorencio et a/., 1988; SusKe ef a/., 1979). The reduction of 
thioredoxin h by this system can be illustrated by the following equation: 

NTR 

NADPH + Hf ■+ Thioreaoxin h m ~* NADP + Thioredoxin h^. 

Some plant species contain a famuy of closely related thioredoxin h proteins, which probably perform 
different physiological functions. Specific plants in which multiple thioredoxin h proteins have been 
found include spinacn {Fiorencio eta/., 1988), wheat (Johnson et a/., 1987), rice (Ishiwatari et a/.. 
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1995), and Arabidopsis (Rivera-Madrid ei aL 1995). The type-h thioreaoxin was discovered 
considerably after the discovery of the m and f types, and because of this mucn less is known about 
this cytosoiic thioreaoxin and its physiological functions. Considerable worK is currently directed 
toward studying thioreaoxin h proteins (Besse and Buchanan. 1997). 

Thioreaoxin h is widely distributed in plant tissues and exists in mitochondria, endoplasmic reticulum 
(ER) and the cytosol (Bodenstein-Lang et al., 1989; Marcus era/., 1991; Vogt etal. 1986). Plant 
thioreaoxin h is involved in a wide vanety of biological functions. Thioredoxin h functions in the 
reduction of intramolecular disulfide bridges of a variety of low molecular-weight, cystine-rich proteins, 
including thionins (Johnson etal., 1987b), prorease inhibitors and chloroforrn/methanol-solubie 
proteins (CM proteins) (Kobrehei etaL, 1991). It is likely that cytoplasmic thioredoxins participate in 
developmental processes: for example thioredoxin h has been shown- to function as a signal to 
enhance metabolic processes during germination and seedling development (Kobrehei et a/., 1992; 
Lozano et aL, 1996; Besse et a/., 1996). Thioredoxin h has also been demonstrated to be involved in 
self-incompatibility in Phaiaris coerviescens (Li et aL, 1995) and Brassica napus (Bower et aL, 1996). 
Several functions have been nypothesized for rice thioredoxin /?, which is believed to be invoived in 
translocation in sieve tubes (Ishiwatari etal., 1995). 

Uses of thioredoxin include incorporation into hair care products (U.S. Patent No. 4,935,231) and 
neutralization of certain venoms and toxins (see U.S. Patent No. 5,792,506). Recent research into 
thioredoxin activity has also focused on harnessing the reducing power of this protein for food 
technology. For example, U.S. Patent No, 5.792,506 to Buchanan (Neutralization of Food Allergens by 
Thioredoxin), and Buchanan ef a/. (1993) describe the use of thioredoxin to reduce the allergenic^ of 
fooas through thioredoxin-mediated reduction of intramolecular disulfide bonds found in various 
allergenic food proteins (e.g., in milk, soya and wheat proteins) (Buchanan et a/., 1997; del Val et a/., 
1999). In addition, it has been snown that reduction of disulfide protein allergens in wheat and milk by 
thioredoxin decreases their aliergenicity (Buchanan et aL, 1997; del Val ef aL, 1999). Thioredoxin 
treatment also increases the digestibility of the major allergen of milk (P-lactogiobulin) (del Val ef aA, 
1999), as well as other disulfide oroteins (Lozano ef a/., 1994; Jiao et a/., 1992). 

Thioredoxin h has been shown to be useful as a food additive to enhance the baking qualities of cereal 
flour (Bright ef a/., 1983). For examoie. imorovement in dough strength and bread quality properties of 
poor-quality wheat flour results from the addition of thioredoxin (Wong ef a/., 1993; Kobrehei ef a/., 
1994). This nas been attributable to the thioredoxin-catalyzed reduction of intramolecular disulfide 
bonds in the flour proteins, specifically the giutenins, resulting in the formation of new intermolecular 
disulfide bonds (Besse and Buchanan, 1997). Thus, the addition of exogenous thioredoxin promotes 
the formation of a protein network that proauces flour with enhanced baking quality. Kobrehei ef a/., 
(1994) have observed that tne addition of thioreaoxin h to flour of non-glutenous cereals such as rice, 
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maize and sorghum promotes the formation of a dough-like product Hence f the addition of exogenous 
thioreaoxin may oe used to produce oaKing dough from non-gtutenous cereals. 

cDNA clones encoding thioreaoxin n have been isolated from a number of plant species, including 
Arabidopsis thaliana (Rivera-Madrid era/., 1993; Rivera-Madrid ef a/., 1995), Nicotiana tabacum 
(Marty and Meyer, 1991; Brugidou er a/., 1993), Oryza sattva (Ishiwatari et a/., 1995), Brassica napus 
(Bower eta/., 1996), Glycine max (Shi and 3hattacharyya, 1996), and Triticum aestivum (Gautier et 
a/., 1998). 

Thioredoxin and NTR were first characterized in Escherichia coii as the hydrogen donor system for 
ribonucleotide reductase (Laurent er a!., 1964rMoore et a/., 1964) The E. coli NTR gene has been 
isolated (Russel and. Model, 1988) and the three-dimensional structure of the protein has been 
analyzed^Kuriyan et a/., 1991). Some other NTR genes have been isolated and sequenced from 
bacteria, fungi and mammals. Recently, Jacquot et at. (1994) have reported a successful isolation and 
sequencing . of two cDNAs encoding the plant Arabidopsis thaliana NTRs. The subsequent expression 
of the recombinant A. thaliana NTR protein in E. coli ceiis (Jacquot et aL, 1994) and its first eukaryotic 
structure (Dai et at., 1996) have aiso been reported. 

Thioredoxin and NTR were first characterized in Escherichia coli as the hydrogen donor system for 
ribonucleotide reductase (Laurent ef a/., 1 964; Moore et a/.. 1964) The £ coii NTR gene has been 
isolated (Russei and Model, 1988) and the three-dimensional structure of the protein has been 
analyzed (Kuriyan et al., 1991). Some other NTR genes have been isolated and sequenced from 
bacteria, fungi, and mammals. Recently, Jacquot etaL. (1994) have reported a successful isolation 
and sequencing of two cDNAs encoding the plant Arabidopsis thaliana NTRs. The subsequent 
expression of the recombinant A. thaliana NTR protein in E. coli cells (Jacquot et al., 1994) and its first 
euKaryotic structure (Dai et aL, 1996) have also been reported. 

Here we report isotated nucleic acids encoding the barley genes for thioredoxin h and NADP- 
thioredoxin reductase; isotated bariey thioredoxin h and NADP-thioredoxin reductase proteins, and 
methods of use. 

SUMMARY OF THE INVENTION 

The invention provides isolated nucieic acids encoding barley thioredoxin and NADP-thioredoxin 
reductase proteins and methods of use. 

In other aspect the invention provides expression vectors comprising nucleic acids encoding barley 
thioredoxin and NADP-thioredoxin and transformed host cells. Accordingly, the invention provides 
methods of expressing an isolated baney thioredoxin and NADP-thioredoxin reductase polypeptides. 
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In a further aspect the invention provides transgenic plants comprising the expression vectors. In a 
preferred embodiment, the transgenic Dlants overexpress barley thioredoxin and NADP-thioredoxin 
reductase polypeptides. The Dolypeptides of the invention, expressed in a transgenic plant either 
alone or in combination alters the redo: status of a plant in comparison to a nontransgenic plant of tne 
same species, in a preferred embodiment, the expressed polypeptide transgene alters the redox 
status of a seed or grain, thereby altering the. biochemical and biological properties of a seed or grain. 
The seed or grain provides advantages in increased germination efficiency, decreased allergenic^, 
increased protein solubility, increased digestibility. 

In another aspect, the invention provides methods of expressing a barley thioredoxin or NADP- 
thioredoxin reductase polypeptides. 

In yet another aspect, the invention provides of expressing a barley thioredoxin or NADP-thioredoxin 
reductase polypeptide. Accordingly, the invention provides isolated barley thioredoxin or NADP- 
thioredoxin reductase polypeptides. 

In still yet another aspect the invention provides methods of identifying a bioactjve agent that binds 
and preferably reduces a biological activity of a barley thioredoxin or NADP-thioredoxin reductase 
polypeptide. 

21 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a comparison of the amino acid sequences of barley thioredoxin h and two wheat 
thioredoxin h Droteins. 



16 



26 



31 



36 



Figure 2 shows a companson of the nucleic acid sequence encoding barley thioredoxin h and two 
wheat thioredoxin h molecules, and a consensus sequence derived by the comparison of these three 
sequences. The BTRX/j and wheat Trxh have about 90% sequence identity from positions 30-394. 

Figure 3 shows the positions of primers used for PCR amplification to isolate H. vulgare NADP- 
thioredoxin reouctase (NTR). 

Figure 4A-C shows the deduced amino acid seouence of H. vulgare NADP-thioredoxin reductase 
(NTR) and homologies. Panel A snows the amino acid sequence alignment of H. vulgar? 
NADP-thioredoxin reductase (NTR) and the NTR sequences of A. thaliana and £ co/,. Amino acid 
identities are shown by shaded residues. Panel B shows the percent similarity and percent 
divergence oetween amino acid sequences of H. vulgare NTR and the NTR sequences of A. thaliana 
and £ co//. Panel C shows the oncogenetic tree (in relative units) of H. vulgare NTR and related 
sequences from A. thaliana ana £ coli. 
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I Figure 5A-D snows the nucleotide sequence of H. vuigare NADP-thioredoxin reductase (NTR) gene 
and homolgoies. Panel A shows the nucleotide sequence alignment of H. vuigare NTR gene and the 
NTR sequences of A. thaliana and £ coii. Nucleotides conserved in at least two out of three different 
NTR genes are shaded. Panel B shows the nucleotide sequence alignment of H. vuigare NTR gene 
and the NTR sequences of A. thaiiana and £ coii Nucleotides conserved nucleotides the three 

6 different NTR genes are shaded. Panel C shows the percent homology and percent divergence 

between nucleotide sequences of H. vuigare NTR and the NTR sequences of A. thaliana and £ coii. 
Panel D shows that the phylogenetic tree (in relative units) of H. vuigare NTR and related nucleotide 
sequences from A. thaliana and £ coii. 

I I Figure 6 shows the thioredoxin h constructs used for transformation. 

Figure 7 shows the thioredoxin activity profile of various barley grains transformed with wheat 
thioredoxin gene (wtrxh). 

16 Figure 8 shows the effects of heat treatment on thioredoxin activity of crude extracts from barley 
grains. 

Figure 9A-B shows a western blot analysis of extract from segregating T, barley grain of stable 
transformants containing wtrxh. Panel A: lanes 1 and 6, control barley extract (cv. Golden Promise); 
21 lane 2, bread wheat extract (Tnticum aestivum, cv. Capitoie); lane 3, extract from GPdBhss BarWtrx 
22; lane 4, extract from GPdBhssBarWtrx 29; lane 5, extract from GPdBhBarWtrx 2. Panel B: lane 1 , 
GPdBhBaarWtrx 2; lane 2 control barley extract W, wheat; B t barley. 

Figure 10 shows western blot analysis of extracts of T, T 2 and T 3 barley grain transformed with wtrxh. 

26 Forty micrograms of soluble proteins extracted from 10-20 grains of each line were fractionated by 
SDS/PAGE. Lane 1 , wheat germ thioredoxin h\ lane 2, nontransgenic control of GP4-96; lane 3 t null 
segregant T 2 grain of GPdBhssBarWtrx-29-1 1-10; lane 4, heterozygous T, grain of GPdBhssBarWtrx- 
29; lane 5, homozygous T 2 grain of GPdBhssBarWtrx-29-3; lane 6, homozygous T 2 grain of - 
GPdBhssBarWtrx-29-3-2; lane 7, prestatned standards (aprottnln, .9 kDa; lysozyme, 17.8 kDa; 

31 soybean trypsin inhibitor, 30.6kDa; carbonic annydrase. 41.8 kDa; BSA, 71 kDa). 

Figure 1 1 shows the nucleic acid sequence of the B r hordein promoter and the 57 base pair 
B,-hordein signal sequence (underlined). 

36 Figure 12 shows the nucleic acia sequence of the D-hordein promoter and the 63 base pair D-hordein 
signal sequence (underlined). 
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1 Figure 13A-C snows the effect of overexpressed thioredoxin h on puilulanase activity in transgenic 

barley grain dunng germination ano seedling development. A homozygous iine. GPdBhssBarWtrx-29- 
3. and a null segregant GPdBhssBarWtrx-29-1 1-10, were used for the puilulanase assays. Panel A: 
Puilulanase was assayed spectrophotometrically by measuring the dye released from red pullutan 
substrate at 534 nm. Panel B: Puilulanase was separated on native 7.5% poiyacryiamide gels 

6 containing the red pulluian suostrate. Activity, identified by comparison with purified barley pulluianase, 
is seen as clear areas that developed on incubating the gel in 0.2 M succinate buffer, pH 6.0, for 1 hr 
at 37°C. Panel C: The gel in Panel B was scanned and analyzed by integration of the activity bands. 

Figure 14A-D shows the change in tie activity and abundance of amylases in transgenic and null 
1 1 segregant baney grains during germination and seedling development based on an activity gei. Panel 
A: abundance of alpha-amyiases in null segregant based on westenrblot Panel B: Total amylase 
activity in null segregant Panel C: abundance of alpha-amyiases in thioredoxin overexpressing 
grains. Panel D: total amylase activity in thioredoxin overexpressed grains. 

16 Figure 15 shows the effect of overexpressed thioredoxin h on the activity of the major form of aipha- 
amylase during germination and seeding development. The size of the major aipha-amyiase activity 
band in Figure 14 was estimated by its rate of mobility during electrophoresis. 

Figure 16A-B shows the effect of overexpressed thioredoxin h on the abundance of aipha-amyiase A 
21 and B isozymes during germination and seedling development The figure represents western blots of 
IEF gels developed for the null segregant and transgenic bariey grains. Panel A: Null segregant Panel 
B: Transgenic with thioredoxin overexpressed. 

Figure 17 shows the effect of overexpressed wheat thioredoxin h on the germination of null segregant 
26 and transgenic (homozygous) baney grains. 

Figure .18 shows the relative redox status of protein fractions in transgenic barley gram overexpressing 
wheat thioredoxin h in comparison to the null segregant in dry and germination grain. 

31 SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accompanying sequence listing (SEQ ID NO: 1-24) 
are shown using standard letter abbreviations for nucleotide bases, and three letter code for amino 
acias. Only one strand of each nucleic acid sequence is snown, but it is understood that the 
complementary strand is included by any reference to the displayed strand. 

36 

SEQ ID NO:1 shows the nucteic acid seauence of the barley thioredoxin h cDNA. 
SEQ ID NO:2 shows the amino acid sequence of the bartey thioredoxin h protein. 
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1 SEQ ID NO:3 shows the nucleic acio sequence of a wheat thioredoxin h cDNA. GenBank accession 
numDerX699 15. 

SEQ ID NO:4 shows the amino acid sequence of a wheat thioredoxin h protein. 

SEQ ID NO:5 shows the nucieic acid sequence of a wheat thioredoxin h cDNA, GenBank accession 

number AJ00 1903. 

6 SEQ ID NO:6 shows the amino acid sequence of a wheat thioredoxin n protein. 

SEQ ID N0:1 1 shows the nucleic acta sequence of the bartey B,-hordein promoter and signal 
sequence. 

SEQ ID NO: 12 shows the. nucieic acid sequence of the barley D-hordein promoter and signal 
sequence. 

1 1 Other SEQ ID NOs: are described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

L Definitions 

Unless otherwise noted, tecnnical terms are used according to conventional usage. Definitions of 
16 common terms in molecular biology may be found in Lewin, Genes V published by Oxford University 
Press, 1994 (ISBN 0-19-854287-9); Kendrew et al (eds.), The Encyclopedia of Molecular Biology, 
published by Biackwell Science Ltd.. 1994 (ISBN 0-632-02182-9); and Robert A Meyers (ed.), 
Molecular Biology and Biotechnology, a Comprehensive Desk Reference, published by VOH 
Publishers, Inc., 1995 (ISBN 1-56081-569-8); Ausubel et at. (1987) Current Protocols in Molecular 
21 Biology, Green Publishing; Sambrook ei si. (1989) Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor, New York). 

In order to facilitate review of the various embodiments of the invention, the following definitions are 
provided: 

26 

Thioredoxin protein: A large number of oian:, animal, and microbial thioredoxin proteins have been 
characterized, and the genes encoding many of these proteins have been cloned and sequenced. The 
present invention is preferably directed to the use of thioredoxin h proteins, although other thioredoxin 
proteins may also be employed to produce transgenic plants as described herein. Among the 

31 thtoredoxin h proteins from plants that have been described to date are thioredoxin ti proteins from 
Arabidopsis thaiiana (Rivera-Madrid ef a/., 1993; Rivera-Madrid ef a/., 1995), Nicotiana tabacum 
(Marty and Meyer, 1991; Brugidou ef a/. t 1993), Oryza sativa (Ishiwatari ef a/., 1995), Brassica napus 
(Bower et aL, 1996), Glycine max (Shi and Bhattacnaryya, 1996), and Triticum aestivum (Gautier ef 
a/., 1998). The amino acid seauences of these and other thioredoxin h proteins, and the nucleotide 

36 sequence of cDNAs and/or genes that encode these proteins, are available in the scientific literature 
and publicly accessible sequence aatabases. For example, a cDNA encoaing thioredoxin h from Picea 
mariana is described in accession numoer AF051206 (NID g2982246) of GenBank, and located by a 
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searcn using th Sntrez orowser/ nucleotide sequence search of the National Center for 
Biotecnnology information website, www.ncbi.nlm.nih.gov. The cDNA encoding the Triticum aesttvum 
thioreaoxin ft protein used in the Examples described below is described on tne same database under 
accession numoer X69915 (NID g2995377). 

The present invention may be practiceo using nucleic acid sequences that encode full length 
thioredoxm ft proteins, as well as thicredoxin ft derived proteins that retain thioredoxin ft activity. 
Thioreaoxin ft derived proteins which retain thioredoxin bioiogical activity include fragments of 
thioredoxin ft, generated either by chemical (e.g. enzymatic) digestion or genetic engineering means; 
chemically funcrJonaiized protein molecules obtained starting with ihe exemplified protein or nucleic 
acid sequences, and protein sequence variants. Thus, the term "thioredoxin ft protein" encompasses 
full length thioredoxin ft proteins, as well as such thioredoxin ft derived proteins that retain thioredoxin 
ft activity. 

Thioredoxin protein may be quantified in biological samples (such as seeds) either in terms of protein 
16 levei, or in terms of thioredoxin activity. Thioredoxin protein level may be determined using a western 
blot analysis followed by quantitative scanning of the image as oescribed in detail below. Thioreaoxin 
activity may be quantified using a number of different methods known in the art. Preferred methods of 
measunng thioredoxin bioiogical activity attributable to thioredoxin ft in plant extracts include 
NADP/malate dehydrogenase activation (Johnson era/., 1987a.b) and reduction of 
21 2',5'-dithiobis(2-nitrobenzoic acid) (DTNB) via NADP-thioredoxin reductase (Florencio ef a/., 1988; 

U.S. Patent No. 5,792,506). Due to the potential for interference from non-thioredoxin ft enzymes that 
use NADPH, accurate determination of thioredoxin ft activity should preferably be made using partially 
purified plant extracts. Standard protein purification methods (e.g. (NH 4 ),S0 4 extraction) can be used 
to accomplish this partial purification. The activity of thioreaoxin ft may also be expressed in terms of 
specific activity, i.e;. thioredoxin activity per unit of protein present, as described in more detail beiow. 

Probes and primers: Nucleic acid probes and primers may readily be prepared based on the hucleic 
acids provided by this invention. A probe comprises an isolated nucleic acid, attached to a detectable 
label or reporter molecule. Typical labels include radioactive isotopes, ligands. chemiluminescent 
agents, and enzymes. Methods for labeling and guidance in the choice of labels appropriate for 
various purposes are discussed, e.g., in Sambrook ef a/. (1989) and Ausubel ef a/. (1987). 

Primers are snort nucieic acids, preferably DNA oligonucleotides about 15 nucleotides or more in 
lengm. Primers may be annealed to a complementary target DNA strand by nucleic acid hybridization 
36 to form a hybrid between the primer and the target DNA strand, and then extended along the target 

DNA strand by a DNA polymerase enzyme. Primer pairs can be used for amplification of a nucleic acid 
seauence. e.g, by the poiymeras cnam reaction (PCR) or other nucieicacid amplification methods 
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I known in the art. 

Methods for preparing and using probes and primers are described, for example, in Sambrook et al. 
(1989), Ausubel et ai (1987), and Innis et a/., (1990). PCR primer pairs can be derived from a known 
sequence, for example, by using computer programs intended for thai purpose such as Primer 
6 (Version 0.5. © 1991, Whitehead Institute for Biomedical Research, Cambridge, MA). One of skill in 

the art will appreciate that the specificity of a particular probe or pnmer increases with its length. Thus, 
for example, a primer comprising 20 consecutive nucleotides of the baney thioredoxin h cDNA will 
anneal to a target sequence such as a thioredoxin h homologue from a different barley cuitivar 
contained within a cDNA or genomic DNA library with $ higher specificity than a corresponding primer 

I I of cniy 15 nucleotides. Thus, in order to obtain greater specificity, probes and primers may be selected 
that comprise 20, 25, 30, 35, 40, 50 or more consecutive nucleotides of the barley thioredoxin h cDNA 
or gene sequences. 

Accordingly, oligonucleotides tnat are derived from the barley thioredoxin h and NTR nucleic acids are 
16 encompassed within the scope of the present invention. Preferably, such oligonucleotide primers will 
comprise a sequence of at least 15-20 consecutive nucleotides of the barley thioredoxin h encoding 
sequences. 

Promoter. A regulatory nucleic acid sequence, typically located upstream (5') of a gene that in 
21 conjunction with various cellular proteins, is responsible for regulating the expression of the gene. 

Promoters may regulate gene expression in a number of ways. For example, the expression may be 
tissue-specific, meaning that the gene is expressed at enhanced levels in certain tissues, or 
developmental regulated, such that the gene is expressed at enhanced levets at certain times during 
development or both. 

26 

In a preferred embodiment a-transgene of the invention is expressed in an edible part of a plant By 
"edible" herein is meant at ieast a part of a plant that is suitable for consumption by humans or animals 
(fish, crustaceans, isopods, decapods, monkeys, cows, goats, pigs, rabbits, horses, birds (chickens, 
parrots etc). Accordingly, "edible" embraces food for human consumption and feed for animal 

31 consumption and includes, for example, dough, bread, cookies, pasta, pastry, beverages, beer, food 
additives, thickeners, malt extracts made from an edible part of plants, animals feeds, and the like. 
An edible part of a plant includes for example, a root a tuber, a seed, grain, a flower, fruit leaf etc. 
The skilled artisan is aware that expression of the transgene is effected in any tissue, organ or part of 
a piant by emDioying a promoter thai is active in the selected part of the plant the transgene is to be 

36 expressed. In a preferred embodiment tne transgene is expressed in a seed, preferably under control 
of a seed- or grain-specific promoter. 
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1 The exDression of a transgene in seeds cr grains according to the present invention is oreferaDly 
accomplished by operably linking a seea-SDecific or grain-specific promoter to the nucleic acid 
molecule encoding the transgene protein. In this context, "seed-specific" indicates tnat the promoter 
has enhanced activity in seeds comparec to other plant tissues; it does not reauire that the promoter is 
solely active in the seeds. Accordingly, "grain-specific" indicates that the promoter has enhanced 
6 activity in grains compared to other plan*; tissues: it does not require that the promoter is solely active 
in the grain. Preferably, tne seed- or grain-specific promoter selected will, at the time when the 
promoter is most active in seeas, produce expression of a protein in the seed of a piant that is at least 
about two-fold greater than expression of the protein produced by that same promoter in the leaves or 
roots of the plant. However, given the nature of the thioredoxin protein, it may be advantageous to 

1 1 select a seed- or grain-specific promoter that causes little or no protein expression in tissues other 
than seed or grain, in a preferred embodiment, a promoter is specific for seed and grain expression, 
such that expression in the seea and grain is enhanced as compared to other plant tissues but does 
not require that the promoter be solely activity in the grain and seed. In a preferred embodiment, the 
promoter is "'specific" for a structure or element of a seed or grain, such as an emoryo-specific 

16 promoter. In accordance with the definitions provided above, an embryo-specific promoter has 

enhanced activity in an embryo as compared to other parts of a seed or grain or a piant and does not 
require its activity to be limited to an embryo, in a preferred embodiment, the promoter is "maturation- 
specific" and accordingly has enhanced activity developmentally during the maturation of a part of a 
piant as compared to other parts of a plant ana does not require its activity to be limited to the 

21 development of a part of a plant 



A seed- or grain-specific promoter may produce expression in various tissues of the seed, including 
the enaosperm, embryo, and aieurone or grain. Any seed- or grain-specific promoter may be used for 
this purpose, although it will be advantageous to select a seed- or grain-specific promoter that 
26 produces high level expression of the protein in the plant seed or grain. Known seed- or grain-specific 
promoters include those associated with genes that encode piant seed storage proteins such as 
genes encoding: barley hordeins, rice gluteiins, oryzins, or prolamines; wheat giiadins or giutenins; 
maize zeins or gluteiins; maize emoryo-specific promoter; oat gluteiins; sorghum kafirins; millet 
pennisetins; or rye secaiins. 

31 

The baney nordein promoters (described in more detail beiow) are seed- or grain-specific promoters 
that were used in the illustrative Examples (Cameron-Mills, 1980; Cameron-Mills et aL, 1980, 
1988a,b). 

36 In certain embodiments, the seed- or grain-SDecific promoter that is selected is a maturation-specific 
promoter. The use of promoters that confer enhanced expression during seed or grain maturation 
(such as the barley nordein promoters) may result in even higher levels of thioredoxin expression in 
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1 the seed. 

By "seed or grain-maturation" herein refers to the period starting with fertilization in which 
metabolizable food reserves (e.g., proteins, lipids, starch, etc.) are deposited in the developing seed, 
particularly in storage organs of the seed, including the endosperm, testa, aleurone layer, embryo, and 
6 scutellar epithelium, resulting in enlargement and filling of the seed and ending with seed desiccation. 

Members of the grass famity. which inaude the cereal grains, produce dry, one-seeded fruits. This 
type of fruit is strictly speaking, a caryopsis but is commonly called a kernel or grain. The caryopsis of 
a fruit coat or pericarp, whicn surrounds the seed and adhere tightly to a seed coat The seed 
11 consists of an emoryo or germ and an endosperm enclosed by a nucetlar epidermis and a seed coat 
Accordingly the grain comprises the seed and its coat or pericarp. The seed comprises the embryo 
and the endosperm. (R. Carl Hoseney ir. "Principles of Cereal Science and Technology", expressly 
incorporated by reference in its entirety). 

16 Starch: A polysaccharide made up of a cnain of glucose units joined by atpha-1 ,4 linkages, either 
unbranched (amyiose) or branched (amytopectin) at atpha-1 ,6-linkages. 

Dextran: Any of a variety of storage porysaccnarides, usually branched, made of glucose residues 
joined by aipna-1,6 linkages. 

21 

Dextrin or Limit Dextrin: Any of a group of smalt soluble polysaccharides, partial hydrolysis products 
of starch, usually enriched in alpha-1 ,6-linkages. 

Germination: A resumption of growth of a plant embryo in favorable conditions after seed maturation 
26 and drying (dessication). and emergence of young shoot and root from the seed. 

Allergen: An antigenic substance that induces an allergic reaction in a susceptible host Accordingly, 
a susceptible host has an immune status (hypersensitivity) that results in an abnormal or harmful 
immune reaction upon exposure to an allergen. In a preferred embodiment, the transgenic grains of 
31 the invention have reduced aliergenicity in comDanson to nontransgenic grains. The immune reaction 
can be immediate or delayed; cell mediated or antiboay mediated; or a combination thereof. In a 
preferred embodiment, the allergic reaction is an immediate type hypersensitivity. 

Digestion: By "digestion" herein is meant the conversion of a molecule or compound to one or more 
36 of its components. Accordingly, "digestibility" relates to the rate and efficiency at which the conversion 
to one or more of its components occurs. In a preferred embodiment a "digestible compound" is, for 
example, a food, that is converted to its chemical components by chemical or enzymatic means. For 
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example, dextran is convened to dextrin, polysaccharide, monosaccharides, limit dextrin etc; a protein 
is converted to a polypeptides, oligopeDtiaes, amino acids, ammonia etc.; a nucleic acid is converted 
to oligonucleotides, nucleotides, nucleosides, purine, pyrimidines, phosphates etc. in a preferred 
emDodiment. the transgenic grains of the invention have increased digestibility, i.e. are more efficiently 
or rapidly digested in comparison to nontransgenic grain. 

Germination: A resumption of growth of a Diant embryo in favorable conditions after seed or grain 
maturation and drying (dessication), and emergence of young shoot and root from the seed or grain. 

Vector A nucleic az\6 molecule as introduced into a host cell, thereby producing a transformed host 
cell. A vector may include one or more nucleic acid sequences that permit it to replicate in one or more 
host cells, such as origin(s) of replication. A vector may also include one or more selectable marker 
genes and other genetic elements known in the art. 

Transformed: A transformed cell is a cell into which has been introduced a nucleic acid moiecuie by 
16 molecular biology techniques. As used herein, the term transformation encompasses all techniques by 
which a nucieic acid molecule might be introduced into sucn a cell, plant or animal cell, including 
transfection with viral vectors, transformation by Agrvbacterium, with plasmid vectors, and introduction 
of naked DNA by eiectroporation, lipofection, and particle gun acceleration and includes transient as 
well as stable transformants. 

21 

Isolated: An "isolated M biological component (such as a nucieic acid or protein or organelle) has been 
substantially separated or purified away from other biological components in the ceil or the organism in 
which the component naturally occurs, i.e.. other chromosomal and extra-chromosomal DNA and 
RNA, proteins and organelles. Nucleic acids and proteins that have been "isolated" include nucieic 
26 acids and proteins purified by standard purification methods. The term embraces nucieic acids 

including chemica«y synthesized nucieic acids and also embraces proteins prepared by recombinant 
expression in vitro or in a host ceil and recombinant nucleic acids as defined below. 



31 



Operably linked: A first nucieic acid sequence is operably linked with a second nucieic acid 
sequence when the first nucleic acid sequence is placed in a functional relationship with the second 
nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if the 
promoter affects the transaction or expression of the coding sequence. Generally, operably linked 
DNA sequences are contiguous and. wnere necessary, join two protein-coding regions in the same 
reading frame. With respect to polypeptides, two polypeptide sequences may be operably linked by 
36 covaient linkage, such as through peptide Donds or disulfide bonds. 

R combinant: By "recomoinant nucieic acid" herein is meant a nucleic acid that has a sequence that 
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I is not naturally occurring or has a sequence that is made by an artificial combination of two otherwise 
separated segments of sequence. This artificial combination is often accomplished by cnemical 
synthesis or, more commonly, by the artificial manipulation of of nucleic acids, e.g., by genetic 
engineering techniques, such as by the manipulation of at least one nucleic acid by a restriction 
enzyme, Itgase, recombinase. and/or a polymerase. Once introduced into a host cell, a recombinant 

6 nucleic acid is replicated by the host cell, however, the recombinant nucleic acid once replicated in the 
ceil remains a recombinant nucleic acid for purposes of this invention. By "recombinant protein" 
herein is meant a protein produced by a method employing a recombinant nucleic acid. As outlined 
above "recombinant nucleic acids 1 ' and "recombinant proteins" also are "isolated", as described above. 

I I Complementary DNA (cDNA): A piece of DNA that is synthesized in the laboratory by reverse 
transcription of an RNA, preferably an RNA extracted from ceils. cDNA produced from mRNA typically 
laclcs internal, non-coding segments (introns) and regulatory sequences that determine transcription. 

Open reading frame (ORF): A series of nucleotide triplets (codons) coding for amino acids without 
16 any internal termination codons. These sequences are usually translatable into a peptide. 

Transgenic plant: As used herein, this term refers to a plant that contains recombinant or isolated 
genetic material not normally found in plants of this type and which has been introduced into the plant 
in question (or into progenitors of the plan:) by human manipulation. Thus, a plant that is grown from a 
21 plant cell into which recombinant DNA is introduced by transformation is a transgenic plant, as are all 
offspring of that plant that contain the introduced transgene (whether produced sexually or asexually). 
It is understood that the term transgenic plant encompasses the entire plant and parts of said plant for 
instance grains, seeds, flowers, leaves, roots, fruit pollen, stems etc. 

26 The present invention is applicable to both dicotyledonous plants ( e.g. tomato, potato, soybean, 
cotton, tnbaccc, etc.) and monocotyledonous plants, including, but not limited to graminaceous 
monocots such as wheat {Triticum spp.), rice (Oryza spp.). bariey (Hordeum spp.), oat {Avena spp.), 
rye (Seca/e spp.), corn (Zea mays), sorghum {Sorghum spp.) and millet (Pennisetum spp). For 
example, the present invention can be employed with bariey genotypes including, but not limited to 

31 Morex, Harrington . Crystal, Stander, Moravian 111, Galena. Salome, Steptoe, Klages, Baronesse, and 
with wneat genotypes including, but not limited to Yecora Rojo, Bobwhite. Karl and Anza. In general, 
the invention is particularly useful in cereals. 

Purified: The term purified does not require absolute purity; rather, it is intended as a relative term. 
36 Thus, for example, a purified barley thioreaoxin h protein preparation is one in which the barley 

thioredoxin h protein is more enriched or more biochemically active or more easily det cted than the 
protein is in its natural environment within a cell or plant tissue. Accordingly, "purified" embraces or 
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includes the removal or inactivation of an inhibitor of a molecule of interest In a preferred 
embodiment, a preparation of barley thioredoxin h protein is purified such that the bariey thioredoxin h 
represents at least 5-10% of the total protein content of the preparation. For particular applications, 
higher protein purity may be aesired, sucn that preparations in which barley thioredoxin h represents 
at least 50% or at least 75% or at least 90% of the total protein content may be employed. 

Ortholog: Two nucleotide or amino acid sequences are orthoiogs of each other if they snare a 
common ancestral sequence and diverged when a species carrying that ancestral sequence split into 
two species, sub-species, or cultivars. Orthologous sequences are also homologous sequences. 

H. Thioredoxin h (BTRXftt and NADP-thioredoxin Reductase (NTR) from Barley (Hordeuw 
vulaare L.) 

Herein are provided BTRX/) and NTR proteins and nucleic acids which encode such proteins. Also 
provided are methods of screening for a bioactive agent capabie of binding and preferably modulating 
the activity of the BTRX/? or NTR protein. The method comprises combining a BTRXft or an NTR 
protein and a candidate bioactive agen; and a cell or a population of ceils, and determining the effect 
on the cell in the presence ana absence of the candidate agent. Other screening assays including 
binding assays are also provided herein as described below. 

NTR belongs to the pyridine nucieotidenjisulfide oxidoreductase family (Pai, 1991), which includes 
glutathione reductase, lipoamide dehydrogenase, mercuric reductase and trypanothionine reductase, 
which catalyze the transfer of electrons from a pyridine nucleotide via a flavin carrier to, in most cases, 
disuffide-containing substrates. Preferably, NTR is bariey H. vulgare NTR and is a flavoenzyme that 
reduces thioredoxin h using NADPH. We have found that barley NTR reduces wheat thioredoxin h 
(Choe/a/. 1999 (PNAS)). 

A barley thioredoxin protein is a bariey protein having thioredoxin biological activity. Plant thioredoxins 
are generally categorized into three subgroups (m. f, and h) based on subcellular localization and 
specificity of enzyme activation. A bariey thioredoxin h (BTRX/)) protein is a bariey protein having 
thioredoxin protein biological activity and sharing ammo acid sequence identity and/or is encoded by a 
nucleic acid that hybridizes under high stringency conditions to the exemplified BTRX/? nucleic acid as 
described below. Thioreaoxin proteins typically contain a consensus active site - WCGPC (residues 
45-49 of SEQ ID NO:2). Though it is net absolutely required, in general thioredoxin proteins can also 
be identified by the presence of this or a similar seauence. 

A BTRX/) and an NTR protein of the present invention also may be identified in alternative ways. 
"Protein" in this sense includes proteins, polypeptides, and peptides. 
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1 The BTRX/? and NTR proieins of the invention fail into two general classes: proteins that are 

completely novel, i.e. are not part of a pubiic database as of th time of discovery, although they may 
have homology to either known proteins or peptides encoded by expressed sequence tags (ESTs) 
and the like. Alternatively, the BTRX/i and NTR proteins are known proteins, but that were not known 
to be, respectively, thioredoxins or oxiaoreductases that preferably reduce thioredoxin h. Accordingly, 

6 a NTR protein may be initially identified by its association with a protein known to be involved in the 
reduction of thioredoxin. A BTRX/7 protein may be initially identified by its association with an NTR 
protein. Wherein the BTRX/7 and NTR proteins and nucleic acids are novel, compositions and 
methoas of use are provided herein, in the case that the BTRX/7 and NTR proteins and nucleic acids 
were known but not known to be thioredoxins or oxidoreductases that preferably reduce thioredoxin h % 
1 1 methoas of use, i.e. functional screens, are provided. In one embodiment, a BTRX/) or an NTR 
protein as defined herein has at least one of the following "BTRX/7 biological activities or "NTR 
biological activities": 

By "NTR biological activity" herein preferably is meant the catalytic reduction of thioredoxin coupled to 
16 NADPH 2 oxidation. 

By "thioredoxin protein biological activity" herein is meant the ability of a protein to serve as a 
hydrogen donor in various reduction reactions (Smith et a/, (eds.) 1997). One of ordinary skill in the art 
will be aware that there are many well-estaolished systems that can be employed to measure 

21 thioredoxin mediated reauction reactions. Preferred methods of measuring biological thioredoxin 
activity attributable to thioredoxin ri include NADP/maiate dehydrogenase activation (Johnson eta/., 
1987) and reduction of 2',5'-dithiobis(2-nitrobenzoic acid) (DTNB) via NADP-thioredoxin reductase 
(Rorencio et a/., 1988; U.S. Patent No. 5,792,506). Due to the potential for interference from 
non-thioredoxin h enzymes that use NADPK, accurate determination of thioredoxin h activity should 

26 be maae using partially purified plant extracts. Standard protein purification methods (e.g (NH 4 ),S0 4 
extraction and acid fractionation) can be used to accomplish this partial purification, as discussed 
more fully below. 

In one embodiment provided herein, BTRX/7 and an NTR protein as defined herein have sequence 
31 homology to other thioredoxin and NTR proteins, respectively. By "homology" herein is meant 

sequence similarity and identity, with identity being preferred. In one embodiment, the homology is 
found using the following database, algorithm, and parameters. 

The similarity between two nucieic acid sequences, or two amino acid sequences is expressed in 
36 terms of sequence identity (or, for proteins, also in terms of sequence similarity). Sequence identity is 
frequently measured in terms of percentage iaentity; the higner the percentage, the more similar the 
two seauences are. As described above, homotogs and variants of the thioredoxin nucleic acid 
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1 molecules, horaein promoters and horaein signal peptides may be used in the present invention. 
Homologs and variants of these nucleic acid molecules will possess a relatively high degree of 
seauence .identity when aligned using standard methods. 

Methods of alignment of seauences for comparison are well known in the an. Various programs and 
6 alignment algorithms are described in: Smith and Waterman (1981 ); Needieman and Wunsch (1970); 
Pearson and Lipman (1988); Higgins and Sharp (1988); Higgins and Sharp (1989); Corpet era/., 
(1988); Huang et a/., (1992); and Pearson er a/ M (1994). Altschui et aL (1994) presents a detailed 
consideration of sequence alignment methods and homology calculations. 

1 1 The NCBI Basic Local Alignment Searcn Tool (BLAST) (Altschui et a/., 1990) is available from several 
sources, including the National Center for Biotechnology Information (NCBI, Bethesda, MD) and on 
the Internet, for use in connection with the sequence analysis programs blastp, biastn, biastx, tblastn 
and tblastx. It can be accessed at rntp://www.ncbi.nlm.nih.gov/BLAST. A description of how to 
determine sequence identity using this program is available at 

16 httD://www.nchi.nlm.nih.QOv/BLAST/blast.heiD.html 

Homoiogs of the disclosed protein sequences are typically characterized by possession of at least 
40% sequence identity counted over the full length alignment with the amino acid sequence of the 
disclosed sequence using the NCBI Blast 2.0, gapped blastp set to default parameters. The adjustable 

21 parameters are preferably ser with the following values: overlap span =1 , overlap fraction = 0.125, 

word threshold (T) =• 1 1 . The HSP S and HSP S2 parameters are dynamic values and are established 
by the program itself depending upon the composition of the particular sequence and composition of 
the particular database against which the sequence of interest is being searched; however, the values 
may De adjusted to increase sensitivity. Proteins with even greater similarity to the reference 

26 sequences will show increasing percentage identities when assessed by this method, such as at least 
about 50%,^ at least about 60%, at least about 70%, at least about 75%, at least about 80%, at least 
about 90% or at least about 95% seouence identity. 

Homologs of the disclosed nucleic acid sequences are typically characterized by possession of at 
31 least 40% sequence identity counted over the full length alignment with the amino acid sequence of 

the disclosed sequence using the NCBI Blast 2.0. gapped biastn set to default parameters. A preferreo 
method utilizes the BLASTN module of WU-BLAST-2 (Altschui et aL, 1996); set to the default 
parameters, with overlap span and overlap fraction set to 1 and 0.125, respectively. Nucleic acid 
sequences with even greater similarity to the reference sequences will show increasing percentage 
36 identities when assessed by this method, such as at least about '50%, at least about 60%, at least 
about 70%. at least about 75%. at least about 80%, at least aoout 90% or at least about 95% 
seauence identity. 
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The alignment may include the introduction of gaps in the sequences to be aligned. In addition, for 
sequences which contain. either more or fewer amino acids than the protein encoded by the 
sequences in the figures, it is understood that in one embodiment, the percentage of sequence identity 
will be determined based on the number of identical amino acids in relation to the total numoer of 
amino acids. Thus, for example, sequence identity of sequences shorter than that shown in the 
figures as discussed below, will be determined using the number of amino acids in the longer 
seauence, in one embodiment In percent identity calculations relative weight is not assigned to 
various manifestations of sequence variation, sucn as, insertions, deletions, substitutions, etc. 

In one embodiment, oniy identities are scored positively (+1) and all forms of sequence variation 
including gaps are assigned a value of "0", which obviates the need for a weighted scale or 
parameters as described herein for sequence similarity calculations. Percent sequence identity can 
be calculated, for example, by dividing the number of matching identical residues by the total number 
of residues of the "shorter" sequence in the aligned region and multiplying by 100. The "longer" 
sequence is the one having the most actual residues in the aligned region. This method of sequence 
identity can be applied in the analysis of amino acid and nucleic acid sequences. 

As will be appreciated by those skilled in the art, the sequences of the present invention may contain 
sequencing errors. That is, there may be incorrect nucleosides, frameshifts, unknown nucleosides, or 
other types of sequencing errors in any cf the sequences; however, the correct sequences will tall 
within the homology and stringency definitions herein. 

The alignment tools ALIGN (Myers and Miller, 1989) or LFASTA (Pearson and Lipman, 1988) may be 
used to perform sequence comparisons (Internet Program © 1996, W. R. Pearson and the University 
of Virginia, "fasta20u63" version 2.0u52, release date December 1996). ALIGN compares entire 
sequences against one another, while LFASTA compares regions of local similarity. These alignment 
tools and their respective tutorials are available on the internet at http://biology.ncsa.uiuc.edu. 

In a preferred emoodiment, orthoiogs of the disclosed bartey thioredoxin h protein are typically 
characterized by possession of greater than 90.6% sequence identity counted over the fulMength 
alignment with the amino acid sequence of baney thioredoxin h using ALIGN set to default 
parameters. Proteins with even greater similarity to the reference sequences will show increasing 
percentage identities wnen assessed by this method, such as at least 92%, at least 93%, at least 
95%, at least 96%, at least 97%, or at least 98% sequence identity. When less than the entire 
seauence is being compared for sequence identity, homologs will typically possess at least 90% 
seauence identity over short windows of 10-20 amino acids, and may possess sequence identities of 
at least 93%. at least 95%, at least 97%, or at least 99% depending on their similarity to the reference 
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1 seauence. Sequence identity over such snort windows can be determined using LFASTA; methods 

are described at http://biolOQv.ncsa.uiuc.edu One of skill in the art will appreciate that these sequence 
identity ranges are provided for guidance only; it is entirely possible that strongly significant homoiogs 
could be obtained that fall outside of the ranges provided. The present invention provides not only the 
peptide homoiogs that are described above, but also nucleic acid molecules that encode such 

6 homoiogs. 

In a preferred embodiment members of a thioredoxin h protein family having thioredoxin protein 
biological activity sharing amino acid sequence identity with the amino acid sequence of the 
prototypical barley thioredoxin h protein shown in SEQ ID NO;2. In a preferred embodiment, BTRX/? 
1 1 proteins of the invention will generally share greater than 90.2% amino acid sequence identity with the 
sequence shown in SEQ ID NO:2, as determined using ALIGN set to'default parameters. More closely 
related thioredoxin proteins may share ax least 92%, 95%, or 98% sequence identity with the 
exemplified BTRX/? protein. 

16 In a preferred embodiment a protein is a "NTR protein" as defined herein if the overall sequence 

identity of the amino acid sequence of Figure 4A (SEQ ID NO:9) is preferably greater than about 71%, 
more preferably greater than about 85%, even more preferably greater than about 90% and most 
preferably greater than 95%. In some emoodiments the sequence identity will be as high as about 
98% and higher. 

21 

Barley thioredoxin h derived proteins and MTR derived proteins include fragments, respectively of 
thioredoxin h or NTR, generated either Dy chemical (e.g. enzymatic) digestion or genetic engineering 
means: chemically functionaiized protein moiecuies obtained starting with disclosed protein or nucleic 
acid sequences, and protein seauence variants, which retain measurable thioredoxin h protein 
26 biological activity. 



For example, while the prototypical bariey thioredoxin h protein shown in SEQ ID NO:2 is 122 amino 
acids in length, one of skill in the art will appreciate that thioredoxin biological activity may be* obtained 
using a protein that compnses less than the full length barley thioreaoxin h protein. Thus the terms 
"barley thioredoxin h orotein" and "baney NTR protein" includes fragments, respectively, of a full length 
baney thioredoxin h protein, which fragments retain thioredoxin protein biological activity or NTR 
protein biological activity, and variants, such as, naturally occumng allelic vanants and mutants 
obtained by in vitro mutagenesis techniques and the like as further described below. 

In one embodiment. BTRX/i and NTR nucleic acids or BTRX/) and NTR proteins are initially identified 
by substantial nucteic acid and/or amino acid sequence identity or similarity to the sequence(s) 
provided herein. In a preferred embooiment, BTRX/7 or NTR nucleic acids or Brtxh or NTR proteins 
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1 have sequence identity or similarity to the sequences provided herein and one or mor of their 

respective "biological activities". Sucn sequence identity or similarity can be based upon the overall 
nucleic acid or amino acid sequence. 

The BTRX/7 and NTR proteins of the present invention may be shorter or longer than the amino acid 
6 sequence encoded by the exemplified nucleic acids shown in SEQ ID NO:2 and SEQ ID NO:9. Thus, 
in a preferred embodiment, included within the definition of BTRX/7 or NTR proteins are portions or 
fragments of the respective amino acid sequence encoded by the nucleic acid sequence provided 
herein. In one embodiment herein, fragments of BTRX/7 or NTR proteins are considered BTRX/7 or 
NTR proteins if a) a fragment shares at least one antigenic epitope with the corresponding exemplified 
1 1 sequence; b) has at least the indicated sequence homology; and c) preferably have an BTRX/7 or NTR 
biological activity or enzymatic activity as further defined herein. In some cases, where the sequence 
is used diagnosticaily, that is, wnen the presence or absence of a BTRX/7 or an NTR protein nucleic 
acid is determined, only the indicated sequence identity is required. The nucleic acids of the present 
invention may also be shorter or longer than tne exemplified sequences in Figure 2 (SEQ ID NO:1) or 
16 Figure 5A (SEQ ID NO:10), The nuaeic acid fragments include any portion of the nucleic acids 

provided herein which have a sequence not exactly previously identified; fragments having sequences 
with the indicated sequence identity to that portion not previously identified are provided in an 
embodiment herein. 

21 In addition, as is more fully outlined below, a BTRX/7 or an NTR protein can be made that are longer 
than those depicted in Figure 1 (SEQ ID NO:2) and Figure 4 (SEQ ID NO:9); for example, by the 
addition of epitope or purification tags, the addition of other fusion sequences, or the elucidation of 
additional coding and non-coding sequences. As described below, the fusion of a NTR peptide to a 
fluorescent peptide, such as Green Fluorescent Peptide (GFP), is particularly preferred. 

26 

BTRX/; or NTR proteins may also be identified as encoded by BTRX/7 or NTR nucleic acids which 
hybridize to the seauence depicted in the Figure 2 (SEQ ID NO:1) or Figure 5A (SEQ ID NO:10) or the 
complement thereof, as outlined herein. Hybndization conditions are further described below; 

31 in a preferred embodiment, when a BTRX/7 or NTR protein is to be used to generate antibodies, a 
BTRX/7 or an NTR protein must share at least one epitope or determinant with the full length protein. 
By "epitope" or "determinant" herein is meant a portion of a protein which will generate and/or bind an 
antibody. Thus, in most instances, antibodies made to a smaller BTRX/7 or NTR protein will be able to 
bind to the full length protein. In a preferred embodiment, the epitope is unique; that is, antibodies 

36 generated to a unique epitope show little or no cross-reactivity. The term "antibody" includes antibody 
fragments, as are known in the an, including Fab, Fab 2 , single chain antibodies (Fv for example), 
chimeric antibodies, etc., either produced by the modification of whole antibodies or those synthesized 
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de novo using recombinant ONA technologies (Hartow & Lane, 1988). 

In a preferred embodiment, an antibody to an BTRXft or MTR protein upon binding to an NTR protein 
reduce or eliminate at least one biological activity of the NTR protein as described herein. That is. the 
addition of anti BTRX/j or an anti-NTR protein antibodies (either polyclonal or preferably monoclonal) 
to anti-Btrxh or NTR proteins (or cells containing Brtxh or NTR proteins) may reduce or eliminate a 
BTRXri or an NTR activity. Generally, for both proteins of the invention at least a 25% decrease in 
activity is preferred, with at least about 50% being particularly preferred and about a 95-100% 
decrease being especially preferred. 

The antibodies of the invention specifically bind to either BTRX/j or NTR proteins. By "specifically 
bind" herein is meant that an antibody bind to a protein with a binding constant in the range of at least 
1 0-- 1 0* M" 1 , with a preferred range being 1 C" 7 - 1 0* NT . Antibodies are further described below. 

in the case of the BTRX/j or NTR nucleic acid, the overall sequence identity of the nucleic acid 
sequence is commensurate with amino acid sequence identity but takes into account the degeneracy 
in the genetic code and codon bias of different organisms. Accordingly, the nucleic acid sequence 
identity may be either lower or higher than that of the encoded protein sequence. 

Thus the NTR nucleic acid sequence identity of the nucleic acid sequence as compared to the nucleic 
acid sequence of the Figures is preferably greater than 75%, more preferably greater than about 80%, 
particularly greater than about 85% and most preferably greater than 90%. In some embodiments the 
sequence identity will be as high as about 93 to 95 or 98%. 

In a oreferred embodiment, a NTR nucleic acid encodes a NTR protein; whereas a BTRXh nucleic 
acid encodes a BTRXh protein. As wiil be appreciated by those in the art. due to the degeneracy of 
the genetic code, an extremely larqe number of nucleic acids may. be made, all of which encode either 
the BTRX/j or the NTR proteins of the oresent invention. Thus, having identified a particular amino 
acid sequence, those skilled in the art could make any number of different nucleic acids, by simply 
modifying the sequence of one or more codons in a way which does not change the amino acid 
sequence of the encoded protein. 

In one embodiment, the BTRXr; or the NTR nucleic acid is determined through hybridization studies. 
Thus, forexamoie, nucleic acids which hvDridize under high stringency to the nucleic acid sequence 
snown in Figure 2 (SEQ ID NO:1) or Figure 5A (SEQ ID NO:10). or tneir complement are considered 
either a BTRXn or an NTR nucleic acid. High stringency conditions are known in the art. see for 
example Samorook et al.. Molecular Cloning: a Laboratory Manual, 2d Edition. 1989. and Short 
Protocols in Molecular Biology, ed. Ausubel, et al.. and Tijssen. Techniques in Biochemistry and 
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1 Molecular Biology-Hybridization with Nucleic Acid Probes, "Overview of principles of hybridization and 
the strategy of nucleic acid assays" (1993), all of which are hereby incorporated by reference in their 
entirety. Stringent conditions are sequence-dependent and will be different in different circumstances. 
Longer sequences specifically hybridize at higner temperatures. Generally, stringent conditions are 
selected to be about 5-10*C lower than the thermal metting point (TJ for the specific sequence at a 

6 defined ionic strength pH. The T m is the temperature (under defined ionic strength, pH, and nucleic 
acid concentration) at which 50% of the probes complementary to the target hybridize to the target 
sequence at equilibrium (as the target sequences are present in excess, at T mt 50% of the probes are 
occupied at equilibrium). Thus, it is Known in the art that hybridization stringency is an objective 
measure of sequence retatecness. Stringent conditions will be those in which the salt concentration is 
1 1 less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion concentration (or other 

salts) at about pH 7.0 to 8.3 and the temperature is at least about 30 # C for short probes (e.g. about 10 
to 50 nucleotides) and at least about 60*C for long probes (e.g. greater than about 50 nucleotides). 
Stringent conditions may also be achieved with the addition of destabilizing agents such as 
formamide. In a preferred embodiment high stringency conditions are 0.1X SSC at 65°C. 

16 

In another embodiment, less stringent hybridization conditions are used; for example, moderate or low 
stringency conditions may be used, as are known in the art; see Maniatis and Ausubel, supra, and 
Ttissen. supra. 

21 In a preferred embodiment, the BTRX/? and NTR proteins and nucleic acids of the present invention 
are recombinant As used herein and further defined below, "nucleic acid" may refer to either DNA or 
RNA, or molecules which contain both deoxy- and ribonucleotides. The nucleic acids include genomic 
DNA, cDNA and oligonucleotides including sense and anti-sense nucleic acids. Such nucleic acids 
may also contain modifications in the ribose-phosphate backbone to increase stability and half life of 

26 such molecules in physiological environments. 

The nucleic acid may be double stranded, single stranded, or contain portions of both double stranded 
or single stranded sequence. As will be appreciated by those in the art. the depiction of a single 
strand (•Watson") also defines the sequence of the other strand f Crick"); thus the sequences depicted 

31 in the Figures also include the complement of the sequence. By the term "recombinant nucleic acid" 
herein is meant nucieic acid, originally formed in vitro, in general, by the manipulation of nucleic acid 
by an endonuciease and/or a polymerase and/or a figase and/or a recombinase, in a form not 
normally found in nature. Thus a recombinant BTRX/7 or NTR nucieic acid, in a linear form, or an 
expression vector formed in vitro by iigating DNA molecules that are not normally joined, are both 

36 considered recombinant for the purposes of this invention. It is understood that once a recombinant 
nucieic acid is made and reintroduced into a host cell or organism, it will replicate non-recombinantly, 
i.e. using the in vivo cellular machinery of the host cell rather than in vitro manipulations; however, 
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1 sucn nucleic acids, once produced recomDinantly, although subsequently replicated non- 
recombinantty, are still considered recomoinant for the purposes of the invention. 

Similarly, a "recombinant protein" is a protein maae using recombinant techniques, i.e. through the 
expression of a recomoinant nucleic acid as described herein. A recombinant protein is distinguished 

6 from naturally occurring protein by at ieast one or more characteristics. For example, the protein may 
be isolated or purified away from some or all of the proteins and compounds with which it is normally 
associated in its wild type host, and thus may be substantially pure. For example, an isolated protein 
is unaccompanied by at ieast some of the material with which it is normally associated in its natural 
state, preferably constituting at least about 0.5%, more preferably at ieast about 5% by weight of the 

1 1 total protein in a given sampie. A substantially pure protein comprises at least about 75% by weight of 
the total protein, with at feast about 80% being preferred, and at teasrabout 90% being particularly 
preferred. The definition includes the production of a BTRX/7 or NTR protein from one organism in a 
different organism or host cell. Alternatively, the protein may be made at a significantly higher 
concentration than is normally seen, through the use of an inducible promoter or high expression 

16 promoter or by increasing the number of copies of a nucleic cid encoding the BTRX/7 or NTR protein, 
such that tne protein is made at increased concentration levels. Alternatively, the protein may be in a 
form not normally found in nature, as in the addition of an epitope tag or amino acid substitutions, 
insertions, and/or deletions, as discussed beiow. 

21 In one embodiment, the present invention provides BTRX/7 and NTR protein variants. These variants 
fall into one or more of three classes: substitutional, insertional or deietional variants. These variants 
ordinarily are prepared by site specific mutagenesis of nucleotides in the DNA encoding a BTRX/7 or 
an NTR protein, using cassette mutagenesis, alanine scanning mutagenesis, glycine scanning 
mutagenesis, PCR mutagenesis, gene shuffling or other techniques well known in the art, to produce a 

26 nucleic acid encoding the variant, and thereafter expressing the nucleic acid in recombinant host cell 
culture as outlined above. However, variant BTRXrt or NTR protein fragments having up to about 100- 
150 residues may be prepared by in vitrc synthesis using established techniques. Amino acid 
sequence variants are characterized by the predetermined nature of the vanation, a feature that sets 
them apart from naturally occurring allelic or interspecies variation of the BTRX/7 or NTR protein amino 

31 acid sequence. The variants typically exnibit the same qualitative biological activity as the naturally 

occurring analogue, although vanants can also De selected which have modified characteristics as will 
be more fully outlined below. 

While the site or region for introducing an amino acid sequence variation is predetermined, the 
36 mutation per se neeo not be predetemninec. For examole, in order to optimize the performance of a 
mutation at a given site, random mutagenesis may be conducted at the target codon or region and the 
expressed BTRXh or NTR variants screened for the optimal combination of desired activity. 
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Techniques for making substitution mutations at predetermined sites in DNA having a known 
seauence are well known and inciuae , for example, M13 pnmer mutagenesis, PCR mutagenesis, 
gene shuffling. Screening of the mutants is done using assays of BTRX/? or NTR protein activities 
and/or properties as defined herein. 

Amino acid substitutions are typically of single residues; insertions usually will be on the order of from 
about 1 to 20 amino acids, although considerably larger insertions may be tolerated. Deletions range 
from about 1 to about 20 residues, although in some cases deletions may be much larger. 

Substitutions, deletions, insertions or any combination thereof may be used to arrive at a final 
derivative. Generally these changes are done on a few amino acids to minimize the alteration of the 
molecule. However, larger changes may be tolerated in certain circumstances. When small 
alterations in the characteristics of the BTRX/i or NTR protein are desired, substitutions are generally 
made in accordance with the following chart 

Chan I 



Oriainal Residue 


Exemolarv Substitutions 


Ate 


Ser 


Arg 


Lys 


Asn 


Gin, His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Glv 


Pro 


His 


Asn, Gin 


lie 


Leu. Val 


Leu 


lie, Val 


Lvs 


Arg, Gin, Glu 


Met 


Leu, lie 


Phe 


Met Leu, Tyr 


Ser 


Thr 


Thr 


Ser 


Tro 


Tyr 


Tyr 


Trp, Phe 


Val 


He, Leu 



Substantial changes in function or immunological identity are made by selecting substitutions that are 
less conservative than those shown in Chart I. For example, substitutions may be made which more 
significantly affect: the structure of the polypeptide backbone in the area of the alteration, for example 
the alpha-helical or beta-sheet structure; the charge or hydrophobicity of the molecule at the target 
site: or the bulk of the side chain. The substitutions which in general are expected to produce the 
greatest changes in the polypeptide's properties are those in which (a) a hydrophilic residue, e.g. seryl 
or threonyl, is substituted for (or oy) a hydrophobic residue, e.g. leucyl. isoleucyl, phenylalanyl, vaiyl or 
alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; (c) a residue having an 
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electropositive side cnain. e.g. lysyl. arginyl, or histidyl, is substituted for (or by) an electronegative 
residue, e.g. glutamyl oraspanyl; or (d) a residue having a oulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g. glycine. 

Covalent modifications of BTRX/i or NTR polypeptides are included within the scope of this invention. 
One type of covalent modification includes reacting targeted amino add residues of a BTRX/j or NTR 
polypeptide with an organic denvatizing agent that is capable of reacting with selected side chains or 
the N-or C-terminal residues of a BTRX/j or NTR polypeptide. Derivatization with bifunctional agents 
is useful, for instance, for crosslinking a BTRX/j or NTR protein to a water-insoluble support matrix or 
surface for use in the method of purifying anti-Btrxh or anti-NTR antibodies or screening assays; as is 
more fully described below. Commonly used crosslinking agents include, e.g., l,l-bis(diazoacetyl)-2- 
pnenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example, esters with 4-azidosalicylic 
acid, homobifunctional imidoesters. including disuccinimidyl esters sucn as 3,3'Kiithiobis(succinimidyl- 
prooionate), afunctional maieimides such as bis-N-rnaleimido-l.8-cctane and agents such as methyl- 
3-[(p-azidoohenyl)ditnio)propioimidate. 

Other modifications include deamiaaiion of glutaminyl and asoaraginyl residues to the corresponding 
glutamyl and asoartyl residues, respectively, hytiroxylation of proline and lysine, phosphorylation of 
hyaroxyl groups of seryl orthreonyl residues, methylation of the "amino groups of lysine, arginine, and 
histidine side chains [T.E. Creighton, Proteins: Structu re and Motermar Pm^ rtioc W .H. Freeman & 
Co., San Francisco, pp. 79-86 (1983)], acetylation of the N-terminal amine, and amidation of any C- 
terminal carboxyl group. 



Another type of covalent modification of the BTRX/7 or NTR polypeptide included within the scope of 
this invention comprises altering the native glycosylate pattern of the polypeptide. "Altering the 
26 native glycosylate pattern" is intended for purposes herein to mean deleting one or more 

carbohydrate moieties found in native sequence of a BTRX/j or NTR polypeptide, if present, and/cr 
adding one or more glycosyiation sites that are not present in the native sequence BTRX/j or NTR 
polypeptide. 



Addition of glycosyiation sites to Brtxn or NTR polypeptides may be accomplished by altering the 
amine acid sequence thereof The alteration may be made, for example, by the addition of. or 
substitution by. one or more serine or threonine residues to the native sequence BTRX/i or NTR 
po,ypeptioe (for O-linked glycosyiation sites). The alteration aiso may be made, for example, by the 
addition of. or substitution by one or more Axn-Xaa-Ser^hr sites (Xaa = any amino acid) in the native 
sequence BTRX/j or NTR polypeptide (for N-linked glycosyiation sites). The BTRX/j or NTR amino 
acid sequence may optionally be altered througn changes at the DNA level, particularly by mutating 
the DNA encoding the BTRX/j or NTR polypeptide at preselected bases such that codons are 
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generated that will translate into the aesirea amino adds. 

Another means of increasing the numoer of carbohydrate moieties on the BTRXh or NTR polypeptide 
is by chemical or enzymatic coupling of glycosides to the polypeptide. Such methods are described in 
the art, e.g., in WO 87/05330 published 11 September 1987, and in Aplin and Wriston, CRC Crit. Rev. 
Biochem. . pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the BTRXh or NTR polypeptide may be accomplished 
chemically or enzymatically or by mutational substitution of codons encoding for amino acid residues 
that serve as targets for giycosylation. Chemical deglycosylation techniques are known in the art and 
described, for instance, by Hakimuddin, et al., Arch. Biocnem. Biophys 259:52 (1987) and by Edge et 
aL, Anal. Biochem., 118:131 (1981). Enzymatic cleavage of carbohydrate moieties if present on 
polypeptides or variant polypeptides can be achieved by the use of a variety of endo-and exo- 
glycosidases as described by Tnotakura et a!., Meth. Enzvmol. 138:350 (1987). 

Another type of covalent modification of BTRXh or NTR polypeptide comprises linking the BTRXh or 
NTR polypeptide to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, 
polypropylene glycol, or poiyoxyaikyienes, in the manner set forth in U.S. Patent Nos. 4,640,835; 
4,496,689; 4.301,144; 4,670,417; 4,791,192 or 4,179,337. 

BTRXh or NTR polypeptides of the present invention may also be modified in a way to form chimeric 
molecules comprising an BTRXh or NTR polypeptide fused to another, heterologous polypeptide or 
amino acid sequence. Encompassed within this embodiment are Btrxh-NTR fusions. In one 
embodiment, such a chimeric molecule comprises a fusion of a BTRX/? or NTR polypeptide with a tag 
polypeptide which provides an epitope :o which an anti-tag antibody can selectively bind. The epitope 
tag is generally placed at the amino-or carboxyl-terminus of the BTRXh or NTR polypeptide but may 
be incorporated as an internal insertion or substitution. The presence of such epitope-tagged forms of 
a BTRXh or NTR polypeptide can be detected using an antibody against the tag polypeptide. Also, 
provision of the epitope tag enables the BTRXh or NTR polypeptide to be readily purified by affinity 
purification using an anti-tag antibody cr another type of affinity matrix that binds to the epitope tag. In 
an alternative embodiment, the chimeric molecule may comprise a fusion of a BTRXh or NTR 
polypeptide with an immunoglobulin or a oarticuiar region of an immunoglobulin. For a bivalent form of 
the chimenc molecule, such a fusion could De to the Fc region of an IgG molecule as discussed further 
below. 

Various tag polypeptides and their respective antibodies are well known in the art. Examples include 
poiy-histidine (poiy-his) or poly-histidine-giycine (poiy-his-gly) tags; the flu HA tag polypeptide and its 
antibody 12CA5 [Field eta!., Mol. Cell. Biol., 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 
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6E10, G4, B7 and 9E10 antibodies thereto [Evan eta!., Molecular and Cellular Bioioav . 5:3610-3616 
(1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody [Paoorsky et al., 
Protein Engineering. 3(5):547-553 (1990)]. Other tag polypeptides include the Flag-peptide [Hopp et 
al., BioTechnoioqy, 6:12.04-1210 (1988)]; the KT3 epitope peptide [Martin et al., Science . 255:192-194 
(1992)]; tubulin epitope peptide [Skinner et al.. J. Biol. Chem. 266:15163-15166 (1991)]; and the T7 
gene 10 protein peptide tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA . 87:6393-6397 (1990)] 
and the histidine tag and rneial binding sites (Smith, Ann. NY. Acad. Sci., 646:315-321 (1991)], with 
the Flag and histidine tag being preferred. 

In an embodiment herein, nucleic acids comprising sequences homologous to the exemplified BTRX/> 
and NTR proteins of other organisms or tissues or alleles are cloned and expressed as outlined below. 
Thus, probe or degenerate polymerase chain reaction (PGR) primer sequences may be used to find 
other related BTRXn or NTR proteins from humans or other organisms. As will be appreciated by 
those in the art, particularly useful probe anaVor PCR primer sequences include the unique areas of 
the BTRX/j or NTR nucleic acid sequence. As is generally known in the art, preferred PCR primers 
are from about 1 5 to about 35 nucleotides in length, with from about 20 to about 30 being preferred, 
and may contain inosine as needed. The conditions for the PCR reaction are well known in the art 
(Innis et a/., 1990). It is therefore also understood that provided along with the sequences in the 
sequences listed herein are portions of those sequences, wherein unique portions of 16 nucleotides or 
more are particularly preferred. The skilled artisan can routinely synthesize or cut a nucleotide 
sequence to the desired length. 

Once isolated from its natural source, e.g., contained within a piasmid or other vector or excised 
therefrom as a linear nucleic acid segment, the recombinant Brtxh or NTR nucleic acid can be further- 
used as a probe to identify and isolate related Brtxh or NTR nucleic acids. It can also be used as a 
"precursor" nucleic acid to make modified or variant BTRX/r or NTR nucleic acids and proteins. 

Using the nucleic acids of the present invention which encode an BTRX/7 or NTR protein, a variety of 
expression vectors are made. The expression vectors may be either self-replicating 
extrachromosomal vectors or vectors which integrate into a host genome. Generally, these 
expression vectors incluae transcriptional and transiationat regulatory nucleic acid operabiy linked to 
the nucleic acia encoding the BTRXh or NTR protein. The term "control sequences" refers to nucleic 
acid sequences necessary for the expression of an operabiy linked coding sequence in a particular 
host organism. The control sequences that are suitable for proKaryotes, for example, include a 
promoter. ODtionally an operator seauence, and a ribosome binding site. Eukaryotic cells are known to 
utilize promoters, polyaaenylation signals, and enhancers. 

Nucleic acid is "operabiy linked" when it is placed into a functional relationship with another nucleic 
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1 acid seauence. For exampie, DNA for a oresequence or secretory leader is operably linked to DNA 
for a polypeptide if it is expressed as a p'reorotein that participates in the secretion of the polypeptide; 
a promoter or enhancer is operably linked to a coding seauence if it affects the transcription of the 
sequence: or a nbosome binding site is operably linked to a coding sequence if it is positioned so as to 
facilitate translation. As another example, operably linked refers to DNA sequences linked so as to be 

6 contiguous, and, in the case of a secretory leader, contiguous and in reading phase. However, 

enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient restriction 
sites. If sucn sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in 
accoraance with conventional practice. The transcriptional and translational regulatory nucleic acid 
will generally be appropriate to the host cell used to express the 3TRX/J or NTR protein; for example, 
1 1 transcriptional and translational regulatory nucleic acid sequences from barley are preferably used to 
express the NTR protein in barley. Numerous types of appropriate expression vectors, and suitable 
regulatory sequences are known in the an for a variety of host cells. 

In general, the transcriptional and translational regulatory sequences may include, but are not limited 
16 tc, promoter sequences, ribosomal binding sites, transcriptional start and stop sequences, 
translational start and stop sequences, and enhancer or activator sequences. In a preferred 
embodiment, the regulatory sequences include a promoter and transcriptional start and stop 
sequences. 

21 Promoter sequences encode either constitutive or inducible promoters. The promoters may be either 
naturally occurring promoters or hybrid promoters. Hybrid promoters, which combine elements of 
more than one promoter, are also known in the art, and are useful in the present invention. 

In addition, the expression vector may comprise additional elements. For example, the expression 
26 vector may have two replication systems, thus allowing it to be maintained in two organisms, for 
example in mammalian or plant cells for expression and in a procaryotic host for cloning and 
amplification. Furthermore, for integrating expression vectors, the expression vector contains at least 
one sequence homologous to the host cell genome, and preferably two homologous sequences which 
flank the expression construct. The integrating vector may be directed to a specific locus in the host 
31 cell by selecting the appropriate homologous sequence for inclusion in the vector. Constructs for 
integrating vectors are well known in the art. 

In addition, in a preferred embodiment, the expression vector contains a selectable marker gene to 
allow the selection of transformed host celts. Selection genes are well known in the art and will vary 
36 with the host cell used. 

A preferred expression vector system for use in plant ceils and for production of transgenic plants are 
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provided herein and in the Examples. 



11 



BTRX/? or NTR proteins of the present invention are produced by cuituring a host cell transformed with 
an expression vector containing nucleic acid encoding a BTRXfc or NTR protein, under the appropriate 
conditions to inauce or cause expression of the BTRX/? or NTR protein. The conditions appropriate for 
BTRX/) or NTR protein expression will vsrv with the cnoice of the expression vector and the host cell, 
and will be easily ascertained by one skilled in the an through routine experimentation. For example, 
the use of constitutive promoters in the expression vector will require optimizing the growth and 
proliferation of the host ceil, while the use of an inducible promoter requires the appropriate growth 
conditions for induction. In addition, in some embodiments, the timing of the harve&Hs important For 
example, the bacuiovirai systems used in insect cell expression are lytic viruses, and thus harvest time 
selection can be crucial for product yield. 



ApDropriate host cells inctuae plant, yeast, bacteria, archebacteria, fungi, insect, and animal cells, 
including mammalian cells. Of particular interest are plant embryos, plant seeds and grains, root cells, 
16 stem ceils, leaf cells, and other plant ceils. Drosophila melangaster cells, Saccharomyces cerevisiae 
and other yeasts, £ coii.Baaiius subti/is, SF9 ceils, C129 cells, 293 ceils, Neurospora, BHK, CHO, 
COS, and HeLa cells, fibroblasts, Schwanoma cell lines, immortalized mammalian myeloid and 
lymphoid cell lines, with HeLa, SF9, and piant ceils being preferred. 

21 In a preferred embodiment, the BTRX/? or NTR proteins are expressed in seed, grain, root stem, leaf 
cells etc of dicotyledonous piants and monocotyiedonous plants. Thus, BTRX/7 and NTR are 
expressed, for example, in wheat (Thticum spp.), rice (Oryza spp.), barley (Horteum spp.), oat (Avena 
sop.), rye (Secate spp.). maize, com (Zea mays), sorghum (Sorghum spp.), millet (Penmsetum spp.), 
Brassica spp., soyoean. cotton, beans in general, rape/canoia, alfalfa, flax, sunflower, safflower, 

26 cotton, tobacco, flax, peanut clover, cowpea, grapes, forages grass varieties; vegetables such as 
lettuce, tomato, curcurbits. cassava, potato, carrot radish, pea, lentils, cabbage, sugar beets, 
cauliflower, oroccoii. sugar beats, Brusseis sprouts, peppers; tree fruits such as citrus, apples, pears, 
oeaches, apricots, walnuts; and ornamentals such as turf grasses, carnations and roses. In a 
preferred embodiment, the present invention can be employed with barley genotypes including, but not 

31 limited to Morex. Harrington , Crystal, Stander. Moravian III, Galena. Salome, Steptoe, Klages! 

Baronesse, and with wheat genotypes including, but not limited to Yecora Rojo, Bobwhite, Karl and 
Anza. In general, the invention is particularly useful in cereals. 

A numDer of recombinant vectors suitable for stable transfection or transformation of plant cells or for 
36 the establishment of transgenic plants have been described including those described in Weissbach 
and Weissoach (1989), and Gelvin et a!. (1990). Typtcaliy, plant transformation vectors include one or 
more cloned plant genes (or cDNAs) unoer the transcriptional control of 5' and 3' regulatory 
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sequences, and a dominant selectable marker. Such plant transformation vectors typically also 
contain a promoter regulatory region (e.g., a regulatory region controlling inducible or constitutive, 
environmentally or developmental^ regulated, or cell- or tissue-specific expression), a transcription 
initiation start site, a ribosome binding site, an RNA processing signal, a transcnption termination site, 
and/or a polyadenylation signal. 

Examples of constitutive plant promoters that may be useful for expressing the an operativeiy linked 
nucleic acid include: the cauliflower mosaic virus (CaMV) 35S promoter, which confers constitutive, 
high-level expression in most plant tissues (see, e.g. Odel ef aL 1985. Dekeyser ef a/., 1990, Terada 
and Shimamoto, 1990; Benfey and Chua, 1990); the nopaiine synthase promoter (An ef a/., 1988); the 
maize ubiquitin promoter (Christianson & Quail, 1996) and the octopine synthase promoter (Fromm ef 
aL. 1989). 

A variety of plant gene promoters that are regulated in response to environmental, hormonal, 
chemical, and/or developmental signals, also can be used for expression of the Btrwh or NTR nucleic 
acid in plant cells, including promoters regulated by: (a) heat (Cailis et aL, 1988; Ainiey, et ai. 1993; 
Gilmartin ef a/. 1992); (b) light (e.g, the pea rbcS-3A promoter, Kuhlemeier ef a/., 1989, and the maize 
rtocS promoter, Schaffnerand Sheen, 1 99 1 ); (c) wounding (e.g, wunL Siebertz ef a/., 1 9893; (d) 
hormones, such as aDscisic acid (Marcotte ef a/., 1989); and (e) chemicals sucn as methyl jasminate 
or salicylic acid (see atso Gatz, 1997). 

In an alternative embodiment, tissue or organ specific (root leaf, flower, and seed for example) 
promoters (Carpenter ef aL , 1992; Denis ef a/., 1993; Opperman ef a/.. 1994; Stockhauser ef a/., 
1997; Roshal et at., 1987; Schemthaner er a/., 1988; Bustos ef a/., 1989) can be operably linked to the 
coding sequence to obtain particular expression in respective organs. For instance, monocot 
tissue-specific promoters may be used to attain expression in the aleurone (U.S. Patent No. 
5,525,716) or the enoosperm (U.S. Patent No. 5,677,474) of cereal and other grains. 

in a preferred embodiment, a transgene o: the invention, the Btrwh or NTR nucleic acid, is expressed 
in an edible part of a plant. By "edible" herein is meant at least a pan of a plant that is suitable for 
consumption by humans or animals (fish, crustaceans, isopods. decapods, monkeys, cows, goats, 
pigs, rabbits, horses, birds (chickens, parrots etc). Accordingly, "edible" embraces food for human 
consumption and feed for animal consumption and includes, for example, dough, bread, cookies, 
pasta, pastry, beverages, beer, food additives, thickeners, malt, extracts made from an edible part of 
plants, animals feeds, and the like. An edible part of a plant includes for example, a root, a tuber, a 
seed, grain, a flower, fruit, leaf etc. The skilled artisan is aware that expression of the transgene is 
effected in any tissue, organ or part of a plant by employing a promoter that is active in the selected 
part of the plant the transgene is to be expressed. In a preferred emoodiment the transgene is 
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expressed in a seed or grain, preferably under control of a seed- or grain-specific promoter. 

The expression of a Btrwn or NTR nuc:e.c aad transgene in seeds or grains according to the present 
invention is preferably accomplished by operably linking a seed-specific or grain-specific promoter to 
the nucleic acid molecule encoding the transgene Btrwh or NTR protein. In this context, 
"seeo-specific" indicates that the promoter has enhanced activity in seeds compared to other plant 
tissues; it does not require that me orcmoter is solely active in the seeds. Accordingly, "grain-specific" 
indicates that the promoter has ennanced activity in grams compared to other plant tissues; it does not 
require that the promoter is soleiy active in the grain. Preferably, the seed- or gram-specific promoter 
selected will, at the time when tie promoter is most active in seeds, produce expression of a protein in 
the seed of a plant that is at least about two-fold greater than expression of the protein produced by 
that same promoter in the leaves or roots of the plant. However, given the nature of the Btrwx and 
NTR protein, it may be advantageous to select a seed- or grain-specific promoter that causes little or 
no protein exoression in tissues other than seed or grain. In a preferred embodiment a promoter is 
soecific for seed and grain exoression. sucn that expression in the seed and grain is enhanced as 
compared to other plant tissues but does not require that the promoter be sole activity in the grain or 
seed. In a preferred embodiment, the promoter is "specific" for a structure or element of a seed or 
grain, such as an embryo-specific promoter. In accordance with the definitions provided above, an 
embryo-specific promoter has enhancea activity in an embryo as compared to other parts of a seed or 
grain or a plant and does not require its activity to be limited to an embryo. In a preferred 
21 embodiment, the promoter is "maturation-specific" and accordingly has enhanced activity 

developmental^ dunng the maturation of a part of a plant as compared to otner parts of a pant and 
does not require its activity to be limited to the development of one part of a plant. 

A seed- or grain-specific promoter may oroduce expression in various parts of the seed or grain, 
26 including tne endosperm, embryo, aleurone etc. or grain. Any seed- or gram-specific promoter may be 
used for this purpose, although it will be advantageous to select a seed- or grain-specific promoter that 
oroduces high level expression of the protein in the plant seed or grain. Known seed- or grain-specific 
promoters include those associated with genes that encode plant seed storage proteins such as 
genes encoding: bariey hordeins, nee giutelins, oryztns, or prolamines: wneat gliadins or glutenins; 
maize zeins or giutelms; maize embryo-soecrfic promoter; oat giutelins; sorghum kafinns; millet 
pennisetins; or rye secalins. 

The baney horaem promoters (described in more detail below) are seed, or grain-specific promoters 
that were used in the illustrative Examples. 
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In certa.n embodiments, the seeo- or grain-specific promoter that is selected is a maturation-specific 
promoter. The use of promoters that confer ennanced exoression during seed or grain maturation 
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(sucn as the barley hordein Dromoters) may result in even higher levels of thioredoxin expression in 
the seed. 

By "seed or grain-maturation" herein refers to the period starting with fertilization in which 
metaoolizable food reserves (e.g., proteins, lipids, starch, etc.) are deposited in the developing seed, 
particularly in storage organs of the seed, including the enaosperm, testa, aieurone layer, embryo, and 
scuteliar epithelium, resulting in enlargement and filling of the seed and ending with seed desiccation. 

Members of the grass family, which inciude the cereal grains, produce dry, one-seeded fruits. This 
type of fruit, is strictiy speaking, a caryopsis but is commonly called a kernel or grain. The caryopsis of 
a fruit coat or pericarp, which surrounds the seed and adhere tightly to a seed coat. The seed 
consists of an embryo or germ and an endosperm enclosed by a nucellar epidermis and a seed coat 
Accordingly the grain comprises the seed and its coat or pericarp. The seed comprises the embryo 
and the endosperm. (R. Carl Hoseney in "Principles of Cereal Science and Technology", expressly 
incorporated by reference in its entirety). 

in a preferred embodiment a hordein promoter is operably linked to a BTRX/i or NTR nucleic acid. By 
"hordein promoter'' and grammatical equivalents herein is meant a barley promoter that directs 
transcription of a hordein gene in bariey seeds or grain. A number of barley hordein genes and 
associated promoters have oeen described and characterized, including those for the C-, D-, and 
Gamma-hordeins (Brandt etaL, 1985; Forde et a/., 1985; Rasmussen and Brandt, 1986, Sorensen et 
aL. 1996). The activities of these promoters in transient expression assays have also been 
cnaractenzed (Entwistie era/., 1991; Mulierand Knudesen, 1993; Sflrensen et ai, 1996). While any 
hordein promoter may be employed for this invention, the specific Examples provided describe the use 
of the promoter sequences from the B,- and D-horaein genes of bartey. The nucleic acid sequences of 
the bartey B,- and D-horriein genes are shown in SEQ ID NOs:1 1 and 12 , respectively and in Figures 
1 1 and 12 (the promoter region excludes those nucleotides that encode the hordein signal peptide that 
is shown underlined), Sorensen et a/., (1 996) describes ptasmids that comprise the B<- and D-horaein 
promoters operably linked to a beta-glucuronidase gene {uidA\ gus) and the Agrobacterium 
tumefaaens nopaiine synthase 3* polyadenylation site (nos). These plasmids may be conveniently 
utilized as sources of both the hordein promoters and the nos polyadenylation site. 

One of skill in the art will appreciate that tne length of the hordein promoter region may also be greater 
or less than tne sequences depicted in Figures 1 1 and 12. For example, additional 5* sequence from 
the hordein gene upstream region may be added to the promoter sequence, or bases may be 
removed from the depicted sequences. However, any hordein promoter sequence must be able to 
direct transaction of an operably linked seauence in plant seed or grain. The ability of a bariey 
hordein promoter to direct transcription of a protein in a plant seed may readily be assessed by 
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ooerably linking the promoter sequence to an open reading frame (ORF) that encodes a readily 
detectaoie protein, sucn as the gus ORF, introducing the resulting construct into plants and then 
assessing expression of the protein in seeas of the piant (see Sorensen et aL 1996). A hordein 
promoter will typically confer seed-specific expression, meaning that expression of the protein 
encoded by the operably linked ORF will generally be at least about twice as high (assessed on an 
activity basis) in seeds of the stably iransfected piant compared to other tissues such as leaves. More 
usually, the hordein promoter will produce expression in seeas that is at least about 5 times higher 
than expression in other tissues of the plant. 

Functions) homologs of the barley hordein promoters disclosed herein may be obtained from other 
plant species, such as from other monocots, including wheat, rice and com. Such homologs may have 
specified levels of sequence identity with the prototype hordein promoters (e.g., at least 40% 
sequence identity). The functional homologs retain hordein promoter function, i.e., retain the ability to 
confer seed- or grain-specific expression of operably linked ORFs when introduced into plants (Mams 
et a/., 1988; Mena et a/., 1998). Accordingly, where reference is made herein to a hordein promoter, it 
will be understood that sucn reference includes not only nucleic acid molecules having the sequences 
of the prototypical sequences disclosed herein (or variations on these sequences), but also promoters 
from hordein gene homologs. Also included within the scope of such terms are molecules that differ 
from the disclosed prototypical molecules by minor variations. Such variant sequences may be 
produced by manipulating the nucleotide sequence of hordein promoter using standard procedures 
such as site-directed mutagenesis or the polymerase chain reaction. Preferably, the seed- or grain- 
specificity of the promoter is retained. Examples of dicot promoters that can be used include for 
example soybean giycinins and con-glycinins. and kidney bean phaseolin promoters. 

In a preferred emoodimen;, the vector for oiant expression of BTRX/i and NTR polypeptides 
comprises a signal sequence which encooes a signal peptide. As described in the Examples below, 
the inventors have discovered that the level of expression of a transgene in seed or grain can be 
enhanced by the presence of a signal peptide, in one of the Examples described below, the B 1 hordein 
signal peptide was utilized. In particular, it was discovered that the expression of thioredoxin protein in 
seed or grain is ennanced wnen the ORF encoding the protein is operably linked to both a hordein 
promoter and a hordein signal sequence encoding the signal peptide. (For convenience, the nucleic 
acid sequence encoding a signal peotide is referred to herein as a signal sequence (SS).) While not 
wishing to be bound by theory, it is prcoosed that the hordein signal peptide directs expression of the 
thioredoxin protein to a protected suocelluiar location, such as a vacuole or protein body. It is further 
proposed that proteins directed to sucn vacuoles are protected from proteolysis during certain stages 
of seed or grain maturation. In addition, the sequestration of the BTRX/j or NTR protein to such a 
location may also serve to protect the maturing seeds or grain from detrimental effects associated with 
over-expression of said proteins. 
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The hordein signal peptide typically comprises about the first 15-25 amino acids of the hordein gene 
ORF, more usually about 18-21 amino acids. The nucleotide ana amino acid sequences of the hordein 
signal sequence and peptide of the prototypical barley B1- and D-horaein genes are shown in SEQ ID 
NO: 1 1-12 and Figures 1 1 and 12. One of skill in the art will appreciate that while the B.-hordein signal 
sequence and signal peptide are utilized in the examples described below, the invention is not limited 
to these specific sequences. For example, homologous sequences may be used as effectively, as 
may sequences that differ in exact nucleotide or amino acid sequences, provided that such sequences 
result in enhanced levels of the encoded protein in immature seed or grain. Typically, "enhanced 
expression" will be expression that is about twice that observed with an equivalent construct tacking 
the signal sequence. Accordingly, the term "horaein signal sequence" and "horttein signal peptide" 
includes not only the particular sequences shown herein, but also homologs and variants of these 
sequences. 

Furthermore, the invention is not limited to the use of hordein signal peptides. Other signat peptides 
that serve to localize the thioredoxin co-transiationatly or post-transtationally to a selected seed, grain 
or cell compartment may be employed. Other such signal sequences include those associated with 
storage proteins in maize, rice, wneat, soybeans, beans, and tobacco (see for example: Bagga era/., 
1997; Torrent et a/., 1997; Wu et a/., 1998; Zheng eta/., 1995; Grimwade et a/., 1996; Conrad efa/., 
1998; and Takaiwa et at., 1995.) 

In a preferred embodiment plant transformation vectors may also include RNA processing signals, for 
example introns, which may be positionec upstream or downstream of the ORF sequence in the 
transgene. In addition, the expression vectors may also include additional regulatory sequences from 
the 3' untranslated region of plant genes, e.g., a 3' terminator region to increase stability of the mRNA, 
such as the Pl-ll terminator region of potato or the octopine or nopaiine synthase {nos) 3' terminator 
regions. 

Finally, as noted above, plant transformation vectors may also include dominant selectable marker 
genes to allow for the ready selection of transtormants. Such genes include those encoding antibiotic 
resistance genes (e.g. resistance to hygromycin, kanamycin, bleomycin, G418, streptomycin or 
spectinomycin) and herbicide resistance genes (e.g., phosoninothncm acetyttransferase). 

The vector and transcriptional regulatory elements used for transgene expression is selected at the 
discretion of the practitioner. In some instances, enhanced BTRXrt or NTR polypeptide expression 
and/or activity is desired, and the respective transgene encoding sequence is operably linked to a 
high-level promoter such as the maize ubiquitin 1 promoter. Enhanced BTRX/7 or NTR activity may 
also be achieved by introducing into a plant a transformation vector containing a variant form of the 
BTRX/r or NTR polypeptide encoding sequence, for example a form which varies from an exemplified 
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sequence but encoaes a protein that retains BTRX/? or NTR biological activity. 

Over-expression of BTRX/7 or NTR in plant or other type of eukaryotic or procaryotic expression 
system is usually measured as the increase in the BTRX/7 or NTR activity present in a sample. Such 
over-expression can be measured using standard thioredoxin activity and NTR activity assays. As 
used here, cells, tissues, or plants over-expressing BTRX/7 or NTR, or nomoiogous or denved proteins 
having BTRX/7 or NTR polypeptide activity, generally will have activity leveis attributable of at least 5% 
over that found in the equivalent wild-type (nontransformed) sample. Where particularly hign levels of 
over-expression are aesired, transformed cells will express at least 30%, more preferably at least 
50%, even more preferred at least 70%, or most preferrea at least 100% more thioreaoxin or NTR 
activity attributable in comparison to an equivalent wild-type or null segregant sample. Overexpression 
of BTRX/7 or NTR polypeptide activity also may be measured by assessing the amount of protein in 
plant tissues using well-known procedures. 

In an alternative embodiment a reduction of BTRX/? or NTR activity, preferably in a transgenic plant 
may be obtained by introducing into plants an antisense construct based on a BTRX/7 or NTR 
encoding sequence. For antisense suppression, a BTRX/7 or NTR encoding sequence is arranged in 
reverse onentation relative to the promoter sequence in the transformation expression vector. The 
introduced sequence need not be a full length barley thioredoxin h or NTR encoding sequence, and 
need not be exactly homologous to the native thioredoxin h or NTR cDNA or gene found in the plant 
species, type, cultivar, varietai, or subspecies to be transformed. Generally, however, where the 
introduced sequence is of shorter length, a higher degree of homology to the native thioredoxin 
sequence will be neeaed for effective antisense suppression. 

The introduced antisense sequence in the vector generally will be at least 30 nucleotides in length, 
and improved antisense suppression will typically be observed as the length of the antisense 
sequence increases. Preferably, the length of the antisense sequence in the vector will bagreater than 
100 nucleotides. Transcription of an antisense construct as described results in the production of RNA 
molecules that are the reverse complement of mRNA molecules transcribed from the endogenous 
thioredoxin or NTR gene in the plant ceil. Althougn the exact mechanism by which antisense RNA 
molecules interfere with gene expression has not been elucidated, without being Dound by theory, the 
antisense RNA molecuies bind to the enaogenous mRNA molecules and thereby inhibit translation of 
the enaogenous mRNA.. The production and use of anti-sense constructs are disclosed, for instance, 
in U.S. Pat. Nos. 5,773.692 (using constructs encoding anti-sense RNA for chlorophyll a/b binding 
protein to reduce plant chlorophyll content), and 5,741,684 (regulating the fertility of pollen in various 
plants through the use of anti-sense RNA to genes involved in pollen development or function). 

Suppression of endogenous thioredoxin or NTR gene expression can also be achieved using 
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ribozymes. Ribozymes are synthetic RNA moiecules that possess highly specific endoribonuclease 
activity. The production and use of ribozymes are disclosed in U.S. Patent No. 4,987,071 to Cech and 
U.S. Patent No. S, 543,508 to Haselhoff. inclusion of ribozyme sequences within antisense RNAs may 
be used to confer RNA cleaving activity on tne antisense RNA, such that endogenous mRNA 
molecules that bind to the antisense RNA are cleaved, leading to an enhanced antisense inhibition of 
endogenous gene expression. 

in another embodiment, constructs from which a BTRX/) or NTR encoding sequence (or a variant 
thereof) is overexpressed may be used to obtain co-suppression of the endogenous thioredoxin gene 
in the manner described in U.S. Patent No. 5,231,021 to Jorgensen. Such ^suppression (also 
termed sense suppression) does noi require that the entire BTRX/i or NTR encoding sequence be 
introduced into the plant cells, nor does it require that the introduced sequence be exactly identical to 
the endogenous thioredoxin gene. However, as with antisense suppression, the suppressive 
efficiency is enhanced as (1) the introduced sequence is lengthened and (2) the sequence similarity 
between the introduced sequence and the endogenous thioredoxin h gene is increased. 

In another embodiment, constructs expressing an untranslatable form of a BTRXft or NTR message 
may also be used to suppress the expression of endogenous thioredoxin or NTR activity. Methods for 
producing such constructs are described in U.S. Patent No. 5,583,021 to Dougherty. Preferably, such 
constructs are made by introducing a premature stop codon into the BTRX/) or NTR ORF. 

Methods of introducing exogenous nucleic acids into a plant host or plant host cells are known in the 
art Accordingly, the transformation vector is introduced into plant cells by one of a number of 
technioues (e.g. eiectroporation) and progeny plants containing the introduced nucleic acid molecule 
are selected. Preferaoiy ail or part of the transformation vector will stably integrate into the genome of 
the plant cell. The part of the transformation vector that integrates into the plant cell, and which 
contains the introduced encoding sequence and associated expression contrettinq sequences (the 
introduced "transgene"), may be referred to as the recombinant expression cassette. 

Selection of progeny plants containing the introduced transgene may be made based upon the 
detection of an altered phenotype. Such a phenotype may result directly from the expressed encoding 
sequence cloned into the transformation vector (for instance, altered thioredoxin h expression) or may 
be manifested as enhanced resistance to a chemical agent (such as an antibiotic) as a result of the 
inclusion of a dominant selectable manner gene incorporated into the transformation vector. 

Successful examples of the modification of plant characteristics by transformation with cloned cDNA 
sequences are replete in the technical and scientific literature. Selected examples, which serve to 
illustrate the knowledge in this field of technology include: 
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i U.S. Pat No. 5,571 ,706 ("Plant Virus Resistance Gene and Methods") 
U.S. Pat No. 5.677,175 ("Plant Pathogen inouced Proteins") 
U.S. Pat. No. 5,750.386 ("Pathogen-Resistant Transgenic Plants") 
U.S. Pat No. 5,597.945 ("Plants Genetically Enhanced for Disease Resistance") 
U.S. Pat No. 5.589,615 ("Process for the Production of Transgenic Plants with Increased 
6 Nutritional Value Via the Expression of Modified 2S Storage Albumins") 

U.S. Pat. No. 5.750,871 ('Transformation and Foreign Gene Expression in Brassica Species") 

U.S. P. No. 5,268,526 ("Over-expression of Phytochrome in Transgenic Plants") 

U.S. Pat No. 5,780.708 ("Fertile Transgenic Com Plants") 

U.S. Pat. No. 5,538,880 ("Method For Preparing Fertile Transgenic Com Plants") 

1 1 U.S. Pat No. 5,773,269 ("Fertile Transgenic Oat Plants") 

U.S. Pat No. 5,736,369 ("Method For Producing Transgenic Cereal Plants") 

U.S. Pat No. 5,610,042 ("Methods For Stable Transformation of Wheat") 

U.S. Pat No. 5,780 J09 (Transgenic Maize with Increased Mannitol Content") 

PCT publication WO 98/48613 ("Compositions and Metnods for Plant Transformation and 

16 Regeneration"). 

These examples include descriptions cf transformation vector selection, transformation techniques 
and the construction of vectors designed to express, over-express, or under-express the introduced 
nucleic acid molecule. In light of the foregoing and the provision herein of the BTRX/j or NTR encoding 
sequence, it is thus apparent that one of skill in the art will be able to introduce these nucleic acid 
21 sequences, or homologous or derivative forms of this molecule, into plant cells in order to produce 
plants having altered or enhanced barley thioredoxin activity. 

Transformation and regeneration of both monocotyledonous and dicotyledonous plant cells is routine 
in the an and the practitioner will determine the appropriate transformation techniaue. The choice of 
26 method will vary with the type of plant to be transformed; those skilled in the art will recognize the 

suitability of particular methods for given plant types. Suitable methods may include, but are not limited 
to: eiectroporaton of plant protooiasts; liposome-mediated transformation; polyethylene glycol (PEG) 
mediated transformation; transformation using viruses; micro-injection of plant ceils; micro-projectile 
bombardment of plant cells; vacuum infiltration; and Agrobacterium tumefaciens (AT)-mediated 
31 transformation. Typical procedures for transforming and regenerating plants are described in the 

patent documents listed at the beginning of this section. In addition, certain developments particularly 
enhance regeneration tecnniaues for monocot plants (see, for instance, U.S. Patents No. 4,666,844 
and 5,589,617. and PCT application WO 98/48613). For instance, a vector comprising a barley 
thioreaoxin ^-encoding nucleic acid can be stably introduced to barley plants as described in a 
numoer of pubiishea protocols, including Wan and Lemaux 1994; Lemaux et al . 1.996; and Cho et a/.. 
1998a-c). 
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Depending on the transformation ana regeneration protocol followed, transformed plants may be 
selected using a dominant selectaole marker incorporatec into the transformation vector or earned on 
a companion vector used for co-transformation. Typically, such a marker will confer antibiotic or 
herbicide resistance on the seedlings of transformed plants, and selection of transformants can be 
accomplished by exposing the seedlings to appropriate concentrations of the antibiotic. 

After transformed plants are selected and grown to maturity, they can be assayed using the methods 
described herein to determine whether expression of thioredoxin h has been altered as a result of the 
introduced transgene. Expression of the transformed barley thioredoxin h protein can be determined 
by Western blot analysis of transformed piant tissues or extracts using standard procedures. BTRX/j 
and NTR activity assays, as discussed above, can be used to determine the activity of the expressed 
transgenic Btrwx or NTR. Untransformed and negative segregant plants also are preferably assayed 
for activity so the background level of BTRX/? or NTR activity (provided by expression of endogenous 
genes, when present and being expressed) can be determined. 

In a preferred embodiment, the BTRX/7 or NTR proteins are expressed in mammalian cells. 
Mammalian expression systems are also known in the art and include retroviral systems. A 
mammalian promoter is any DNA sequence capable of binding mammalian RNA polymerase and 
initiating the downstream (3') transcription of a coding sequence for BTRX/j or NTR protein into 
mRNA. A promoter will have a transcription initiating region, which is usually placed proximal to the 5' 
end of the coding sequence, and a TATA box. usually located about 25-30 base pairs upstream of the 
transcription initiation site. The TATA box is thought to direct RNA polymerase II to begin RNA 
synthesis at the correct site. A mammalian promoter will also contain an upstream promoter element 
(enhancer element), typically located within 100 to 200 base pairs upstream of the TATA box. An 
upstream promoter element determines the rate at which transcription is initiated and can act in either 
orientation. Of particular use as mammalian promoters are the promoters from mammalian viral 
genes, since the viral genes are often highly expressed and have a bread host range. Examples 
include the SV40 early promoter, mouse mammary tumor virus LTR promoter, adenovirus major late 
promoter, herpes simplex virus promoter, and the CMV promoter. 

Typically, transcription termination and polyadenylation sequences recognized by mammalian cells are 
regulatory regions located 3' to the translation stop codon and thus, together with the promoter 
elements, flank the coding sequence. The 3* terminus of the mature mRNA is formed by site-specific 
post-transtational cleavage and polyadenylation. Examples of transcription terminator and 
polyadenylation signals include those aenved form SV40. 

The methods of introducing exogenous nucleic acid into mammalian hosts, as w II as other hosts, is 
well known in the art. and will vary with tne nost cell used. Techniques include dextran-mediated 
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1 transfection, calcium phosphate precipitation, polyDrene mediated transfection, protoplast fusion, 
electroporation, viral infection, encapsulation of the poiynucleotide(s) in liposomes, and direct 
microinjection of the DNA into nuclei. 

In a preferred embodiment, BTRX/? or NTR proteins are expressed in bacterial systems. Bacterial 
6 expression systems are well known in the art. 



A suitable bacterial promoter is any nucleic acid sequence capable of binding bacterial RNA 
polymerase and initiating the downstream (3') transcription of the coding sequence of BTRX/? or NTR 
protein into mRNA. A bacterial promoter has n transcription initiation region which is usually placed 

1 1 proximal to the 5' end of the coding sequence. This transcription initiation region typically includes an 
RNA polymerase binding site and a transcnption initiation site. Sequences encoding metabolic 
pathway enzymes provide particularly useful promoter sequences. Examples include promoter 
sequences derived from sugar metabolizing enzymes, such as galactose, lactose and maltose, and 
sequences derived from biosynthetic enzymes such as tryptophan. Promoters from bacteriophage 

16 may aiso be used and are known in the art in addition, synthetic promoters and hybrid promoters are 
also useful; for example, the tac promoter is a hybrid of the trp and tac promoter sequences. 
Furthermore, a bacterial promoter can include naturally occurring promoters of non-bacterial origin that 
have the ability to bind bacterial RNA polymerase and initiate transcription. 

21 In addition to a functioning promoter sequence, an efficient ribosome binding site is desirable. In £ 
caff, the ribosome binding site is called the Shine-Deigamo (SD) sequence and includes an initiation 
codon and a sequence aDout 3-9 nucleotides in length located aDout 3-1 1 nucleotides upstream of the 
initiation codon. 

26 The expression vector may aiso induce a signal peptide sequence that provides for secretion of the 
BTRX/7 or NTR protein in bacteria. The signal sequence typically encodes a signal peptide comprised 
of hydrophobic amino acids which direct the secretion of the protein from the cell, as is well known in 
the an. The protein is either secreted into the growth media (gram-positive bactena) or into the 
peripiasmic soace, located berween the inner and outer membrane of me cell (gram-negative 

31 bacteria). 
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The baaenal expression vector may also include a selectable marker gene to allow for the selection of 
bacterial strains that have been transformed. Suitable selection genes include genes which render the 
bacteria resistant to drugs sucn as ampictllin. chloramonenicol, erythromyctn, kanamycin, neomycin 
and tetracycline. Selectable markers aiso include biosynthetic genes, such as those in the histidine, 
tryptophan and leucine biosyntnetic pathways. 
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1 These components are assemDleo into expression vectors. Expression vectors for bacteria are well 
known in the art and include vectors for 3aciltus subtiiis, E. coti. Streptococcus cremoris, and 
Streptococcus iividans. among others. 

The bacterial expression vectors are transformed into bacterial host cells using techniques well known 
6 in the art, such as calcium chloride treatment, eiectroporation, and others. 

In one embodiment, BTRX/? or NTR proteins are produced in insect ceiis. Expression vectors for the 
transformation of insect cells, and in particular, bacuiovirus-based expression vectors, are well known 
in the art. 

11 

In a preferred embodiment BTRX/? or NTR protein is produced in yeast cells. Yeast expression 
systems are welt known in the art, and include expression vectors for Saccharomyces cerevisiae, 
Candida albicans and C. mattosa, Hansenula poiymorpha, Kluyveromyces fragilis and K. /actfs, Pichia 
guillehmondii and P. pastoris, Schizosaccharvmyces pombe, and Yarrowia iipoiytica. Preferred 

16 promoter sequences for expression in yeast include the inducible GAL1,10 promoter, the promoters 
from alcohol dehydrogenase, enciase, giucokinase, glucoses-phosphate isomerase, giyceraldehyde- 
3-phosphate-dehydrogenase, hexokinase, phosphofructokinase, 3-phosphogtycerate mutase, 
pyruvate kinase, and acid phosphatase genes. Yeast selectable markers include ADE2, HIS4, LEU2, 
TRP1, and ALG7, which confers resistance to tunicamycin; the neomycin phosphotransferase gene, 

21 which confers resistance to G418; and the CUP1 gene, which allows yeast to grow in the presence of 
copper ions. 

The BTRX/? or NTR protein may also be made as a fusion protein, using techniques well known in the 
art. Thus, for example, for the creation of monoclonal antibodies, if the desired epitope is small, the 

26 BTRX/) or NTR protein may be fused to a carrier protein to form an immunogen. Alternatively, the 
BTRX/? or NTR may be made as a fusion protein to increase expression, or for other reasons. For 
example, when the BTRX/? or NTR protein is an H. vuigare BTRX/? or NTR peptide, the nucleic acid 
encoding tne peptide may be linked to another nucleic acid for expression purposes. Similarly, BTRX/i 
or NTR proteins of the invention can be linked to protein labels, such as green fluorescent protein 

31 (GFP), red fluorescent protein (RFP), blue fluorescent protein (BFP), yellow fluorescent protein (YFP), 
etc. 

In one emoodiment, the BTRX/? or NTR nucleic acias, proteins and antibodies of the invention are 
labeled. By "labeled" herein is meant that a compound has at least one element, isotope or chemical 
36 compound attacned to enable tne detection of the compound. In general labels fall into three classes: 
a) isotopic labels, which may be radioactive or heavy isotopes; b) immune labels, which may be 
antibodies or antigens; and c) cotcrec or fluorescent dyes. The labels may be incorporated into the 
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compound at any position. 

In a preferred embodiment, the BTRX/7 or NTR protein is purified or isolated after expression. BTRX/7 
or NTR proteins may be isolated or purified in a variety of ways known to those skilled in the art 
depending on what other components are present in the sample. Standard purification methods 
include eiectroDhoretic, molecular, immunological and chromatographic techniques, including ion 
exchange, hydropnooic, affinity, and reverse-pnase HPLC chromatography, and chromatofocusing. 
For example, the BTRX/7 or NTR protein may be purified using a standard anti-NTR antibody column. 
Ultrafiltration and diafiltration techniques, in conjunction with protein concentration, are also useful. 
For general guidance in suitable purification tecnniques, see Scopes, R M Protein Purification, 
Spnnger-Vertag, NY (1982). The degree of purification necessary will vary depending on the use of 
the BTRX/7 or NTR protein, in some instances no purification will be-necessary. 

Once expressed and purified, if necessary, the BTRX/7 or NTR proteins and nucleic acids are useful in 
a number of applications. 

The nucieotiae sequences (or their complement) encoding BTRX/7 or NTR proteins have various 
applications in the art of moiecuiar biology, including uses as hybridization probes, in chromosome 
and gene mapping and in the generation of anti-sense RNA and DNA. BTRX/7 or NTR protein nucleic 
acid will also be useful for the preparation of BTRX/7 or NTR proteins by the recombinant techniques 
described herein. 

The full-length native sequence BTRX/7 or NTR protein gene, or portions thereof, may be used as 
hybridization probes for a cDNA library to isolate other genes (for instance, those encoding naturally- 
occurring, for example, allelic variants of BTRX/7 or NTR protein or BTRX/7 or NTR proteins from other 
genus or species) which have a aesirec sequence identity to the BTRX/7 or NTR protein coding 
sequence. Optionally, the length of the orooes will be about 20 to about 50 bases. The hybridization 
probes may be denved from the nucleo;ide sequences herein or from genomic sequences including 
promoters, enhancer elements and introns of native sequences as provided herein. By way of 
example, a screening method will comprise isolating the coding region of the BTRX/7 or NTR protein 
gene using the known DNA sequence to synthesize a selected probe of about 40 bases. 
Hybridization probes may be labeled by a variety of labels, including radionuclides such as ^P or^S, 
or enzymatic labels such as alkaline ohospnatase coupled to the prooe via avidin/biotin coupling 
systems. Labeled Drones having a sequence complementary to that of the BTRX/7 or NTR protein 
gene of the present invention can be used to screen libraries of human cDNA, genomic DNA or mRNA 
to determine to whicn memDers of sucn libraries the probe hybridizes. 

Nucleotide sequences encoding a BTRX/7 or NTR protein can also be used to construct hybridization 
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1 proDes for mapping the gene wnich encodes that BTRX/7 or NTR protein and for the genetic analysis 
of individuals with genetic disorders. The nucleotide sequences provided herein may be mapped to a 
cnromosome and specific regions of a chromosome using known techniques, such as in situ 
hybridization, linkage analysis against known chromosomal markers, and hybridization screening with 
libraries. 

6 

Nucleic acids which encode BTRXb or NTR protein or its modified forms can also be used to generate 
either transgenic plants, preferably as described above and in the Examples. 

There are a variety of techniques available for introducing nucleic acids into viable ceils. The 

11 techniques vary depending upon whether the nucleic acid is transferred into cultured ceils in vitro, or in 
vivo in the cells of the intended host Techniques suitable for the transfer of nucleic acid into 
mammalian cells in vitro include the use of liposomes, electroporation, microinjection, cell fusion, 
DEAE-dextran, the calcium phosphate precipitation method, microparticie bombardment (biolistic) etc. 
The currently preferred in vivo gene transfer techniques include transfection with viral (typically 

16 retroviral) vectors and viral coat orotein-liposome mediated transfection (Dzau et a/. , Trends in 
Biotecnnoloav 11, 205-210 [1993]). In some situations it is desirable to provide the nucleic acid 
source with an agent that targets the target ceils to be transformed, such as an antibody specific for a 
cell surface membrane protein or the target ceil, a iigand for a receptor on the target cell, etc. Where 
liposomes are employed, proteins which bind to a cell surface membrane protein associated with 

21 endocytosis may be used for targeting and/or to facilitate uptake, e.g. capsid proteins or fragments 

thereof tropic for a particular cell type, antibodies for proteins which undergo internalization in cycling, 
proteins that target intracellular localization and enhance intracellular half-life. The technique of 
receptor-mediated endocytosis is described, for example, by Wu et a/., J. Biol. Chem. 262 . 4429-4432 
(1987); and Wagner et a/., Proc. Natl. Acad. Sci. USA 87, 3410-3414 (1990). For review of gene 

26 marking and gene therapy protocols see Anderson et a/.. Science 256 . 808-813 (1992). 

In a preferred embodiment the BTRX/7 or NTR proteins, nucleic acids, variants, modified proteins, 
cells and/or transgenics containing the said nucleic acids or proteins are used in screening assays. 
Identification of the BTRX/? or NTR protein provided herein permits the design of screening assays for 
31 compounds that bind or modulate BTRX/7 or NTR activity. 

■Modulating the activity of a BTRX/7 or NTR protein" inciuaes an increase in activity, a decrease in 
activity, or a cnange in the tyDe or kind of activity present. Thus, in this embodiment, the candidate 
agent should both bind to BTRX/7 or NTR protein (although this may not be necessary), and alter its 
36 biological or biochemical activity as defined herein. The methods include both in vitro screening 

methods, as are generally outlined above, and m vivo screening of cells for alterations in the presence, 
distribution, activity or amount of the 3TRX/? or NTR protein. 
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1 Methods of assaying a biological activity of a thioredoxin h protein are known in the art. Thioredoxins 
lack a directly measurabi catalytic property that can be used in their detection and quantification. 
Therefore, a specific companion enzyme reaction is necessary to demonstrate and measure the 
activity of thioredoxin proteins. One of ordinary skill in the an will be aware that there are many 
well-established systems that can be employed to measure thioredoxin-mediated reduction of 

6 substrates. See. for instance, U.S. Patent No. 5,792,506 to Buchanan; Horecka ef a/. (1996); 

Rivera-Madrid era/. (1995); Wong era/. (1995); Jacquotefai. (1990); Florencio ef a/. (1988); Florencio 
etal. (1988); Johnson era/. (1987); Schwenn and SchrieK (1986); and Berstermann era/. (1983). 
Appropriate assay systems may be broken down into four major classes: 1 ) enzyme activation (using 
thioredoxin to modulate another enzyme in a measurable way); 2) ribonucleotide reduction (using 

1 1 thioredoxin as a co-substrate by ribonucleotide reductase); 3) protein disulfide reduction (using 

thioredoxin for insulin A-B chain reduction) (Schwenn and Schriek, 1987); and 4) direct measurement 
of disulfide reduction using monobromobimane (mBBr)-derivative fluorescence (Wong er a/., 1995). 
Any such system can be used to measure thioredoxin activity. Different techniques will be more or 
less appropriate to specific plants and tissues. The appropriate technique will be determined at the 

16 discretion of the practitioner. By way of example, the following techniques are appropriate for 
measuring the activity of thioredoxin. 

Because of interference from other enzymes that use NADPH, the activity of thioredoxin h cannot be 
accurately assayed in crude plant extracts. Thus, at least partial purification of the thioredoxin h 
21 protein is necessary. Such partial purification can be carried out using standard protein purification 
techniques, for instance (NH^jSO* extraction and column chromatography. See, for example, 
Florencio ef ai (1988) and Johnson ef ai (1987a.b). 

Thioredoxin h activity-assayable transgenic barley seed extracts can be prepared in the following 
26 manner. In the embodiment, wherein Btrwn activity is assayed in a plant or plant tissue, such as a 
seed or grain, about fifteen grams of barley grains, may be ground to powder in a coffee grinder or 
other like device. Protein is subsequently extracted from this powder with 80 ml (1:4 w/v) of buffer (50 
mM Tris-HCI buffer, pH 7.9, 1 mM EDTA. 0.5 mM PMSF (phenylmethysulfonyl fluoride), 2 mM 
e-ammo-n caproic acid, 2 mM benzamidine-HCl) by stirring for three hours at 4°C. The slurry plus the 
31 rinse is then subjected to centrifugation at 25,400 x g for 20 minutes, and the resultant supernatant 
solution aecanted througn glass wool. The pellet is resuspended in a small volume of buffer and then 
clarified by centrifugation as before. The two supernatant fractions are combined, an aliquot removed 
as a control, and the remainder subjected to acidification by adjusting the pH from about 7.83 to about 
4.80 with 2 N formic acid. Denaturea proteins should be removed from. the acidified solution by 
36 centrifugation as above prior to assaying for enzyme activity. The pH of the acidified supernatant 
solution is then readjusted to 7.91 with 2 N NH«0H and an aliouot is removed for enzyme assay. 
Powdered (NH 4 ) 2 SO i is adaed to a finai concentration of 30% (w/v) and the sample stirred for 20 
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1 minutes at 4°C. followed by centrifugation as describea above. Additional (NHJjSO, is then added to 
bnng the decanted supernatant solution to 90% (w/v) saturation, and the sample stirred for 16 hour? at 
4°C. This sample is centrifuged again as described above to yield a thioredoxin />-enriched pellet. 

The supernatant solution from the thioredoxin ri-enriched pellet is discarded, and the pellet 
6 re-suspended in 30 mM Tris-HCI, pH 7.9 buffer. This is then clarified by centrifugation at 40,000 x g for 
15 minutes. The resulting supernatant (30-50% (NH^SC^ fraction) should then be placed in dialysis 
tubing (6.000-8,000 MW cut-off) and exposed to solid sucrose at 4°C to obtain an approximate 10-fotd 
reduction in volume. An aliquot (about 1 ml) of the clarified and concentrated 30-90% (NH^jSO* 
sampie should be reserved. The remaining samole is applied to a pre equilibrated (30 mM Tris-HCI, 
1 1 pH 7.9, 200 mM NaCI) Sephadex G-50 superfine column (2.5 x 90 cm; -400 ml bed volume) with a 
peristaltic pump at a flow rate of 0.5 mt/min. Protein is eluted from the loaded column with the same 
buffer at tne same flow rate, and 150-drop fractions collected. Each fraction can be tested for 
thioredoxin h activity using standard techniques, for instance the NADP-MDH activation protocol (see 
beiow). Storage of the prepared fractions should be at 4*C. 

16 

Thioredoxin h extracted from E. coii is stable after treatment at 60°C for 10 minutes (Mark and 
Richardson, 1976). Using this feature of thioredoxin h proteins, the level of background 
toon-thioredoxin h) enzyme activity in crude plant extracts can be decreased by heating the crude 
extract at 60°C for about ten minutes, using the following protocol. In the example of expression of 

21 BTRX/7 in transgenic grain, approximately ten grams of, for example, barley grain are ground to 
powder for aoout 30 seconds in a coffee grinder and extracted by shaking for 1 hour at room 
temperature in 50 ml buffer (50 mM Tris-HC1 buffer, pH 7.9, 1 mM EDTA, 0.5 mM PMSF, 2 mM 
e-amino-n caproic acid, 2 mM benzamiaine-HCi). The slurry plus the rinse is then subjected to 
centrifugation at 27,000 x g for 20 minutes and the supernatant solution decanted through glass wool. 

26 A 20 mi aliquot of the supernatant is then neated at 65°C until sample temperature reaches 60+1 *C 
(-10 minutes). The sample is then heid at 60°C for 10 additional minutes, then cooled in an ice/water 
bath. The cooled sample is centrifuged and the supernatant solution concentrated using solid sucrose 
as above. The resultant heat-treated, concentrated supernatant may be stored at -20°C. Frozen 
samples are thawed and clarified by centrifugation at 14,000 rpm for 10 minutes at 4°C. Total 

31 thioredoxin h activity can then be measured in these concentrated supernatant fractions. 

Methoas and tecnniques of measuring thioredoxin ri activity have previously been described (see. for 
instance, Berstermann etal. 1983; Johnson era/. 1987; and Florencio eta!. 1988). For each 
technique, aoout fifty to 120 pi (depending on activity) of partially purified or heat-treated plant extract 
36 as prepared above is pre-incubated with DTT, and 0.16 to 0.32 pi of this preincubation mixture is then 
used in the assay. 
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In general, thioreaoxin n activity is assayeo Dy aading thioredoxin-bearing sample to an 
NADP-thioredoxin reductase (NTR) assay system (Fiorencio ef a/.. 1988; Gautier ef a/., 1998), and the 
reduction of DTNB measured. Essentially, NADPH provides the reducing equivalents needed for 
thioredoxin reductase to reduce thioredoxin h by converting it from the disulfide (-S-S-) to the 
sulthydryl (-SH) form. This reduced (sulthydryl) thioredoxin h then reduces DTNB directly. Reduction 
of DTNB is measured as an increase in absorbance of the sample at 412 nm. 

By way of example, 1 mi reaction mixtures containing 100 pM potassium phosphate (pH 7.1), 10 pi 
mol @@@ 150 nmol EDTA, 150 nmol NADPH, 200 nmol DTNB (dissolved in 95% ethanol) and 
variable amounts of thioredoxin fc-bearing samples are initiated by the addition of 10 pmol of wheat or 
£ co// NTR, and the reduction of DTNB determined by monitoring the absorbance change at 412 nm. 
The activity can then be expressed as |jmol thioredoxin reduced per minute using 13,600 M*' cnr 1 as 
the moiar absorption coefficient of DTNB (2-SH being formed/mo! reduced thioredoxin). 

In the NADP-Malate Dehydrogenase (MDH) Activation Assay, thioredoxin h activity is assayed by 
16 adding thioredoxin-bearing sample to an NADP-maiate dehydrogenase (MDH) assay system 

(Johnson et a/.. 1987; Berstermann ef al. 1983). This system is similar to that used in an NADP-NTR 
activation assay. 
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In vitro monobromobimane (mBBr) labeling of proteins is an alternate to indirectly measuring 
thioredoxin n protein activity using a ccmpanion-enzyme assay, thioredoxin-mediated disulfide 
reduction can be measured using monobromobimane (mBBr) derivative fluorescence (Crawford er al., 
1989; Kobrehel er al.. 1992; U.S. Patent No. 5,792.506 "Neutralization of food allergens oy 
thioredoxin"). By way of example oniy, the following describes an appropriate procedure as it relates 
to transgenic plants. Immature, maiure. or germinating seeds or grain from nontransformed (control) 
and transgenic plants are ground in 100 mM Tris-HCI buffer, pH 7.9. Assay reactions may then be 
carried out essentially as described in Kobrehel et al. (1992). In general, 70 pL of the buffer mixture 
containing a known amount of protein is either untreated or treated with DTT to a final concentration of 
0.5 mM. After incubation for 20 minutes. 100 nmol of mBBr is added, and the reaction continued for 
another 15 minutes. To stop the reaction and derivatize excess mBBr, 10 pi of 10% SDS and 100 pi of 
100 mM 2-mercaptoethanol are added. The samples are then applied to a 15% SDS-PAGE gel. 
Fluorescence of mBBr may be visualized by placing gels on a light box fitted with a UV (365 nm) light 
source. Protein Quantification can be earned out by the Bradford dye-binding method (Bradford. 1976) 
using, for instance, bovine serum albumin or gamma globulin as standards. This protocol has been 
adapted for barley as described by Cho era/, {(1999) Proc. Natl. Acad. Sci. USA 96:14641-14646). 

Methoos of measuring NTR activity also are known in the art. In a preferred embodiment. NTR activity 
is determined with the DNTB assay (Fiorencio ef al.. 1988). The system contains the amount of an 
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extract as needed, soinach thioredoxin h f2-5 jjg) and the following: 100 ymoi potassiuim phosphate 
buffer (pH 7.9). Ten pmol Na-EDTA; 0.25 umol NADPH; 0.2 pmol DTNB. The reaction is started by 
the addition of thioredoxin h (final volume, 1 .0 ml). Increase in absorbance is followed at 412 nm. 

The content and activity of BTRX/> and NTR is alternatively assessed by Western blor and activity 
measurements. In the example of transgenic seeds or grains, western blots are performed on extracts 
selected transgenic seeds or grain as well as non-transgenic seeds or grains, including null 
segregants. Lots of about 10-20 intacts seeds are grains are processed and anaiyzed for content of 
BTRX/7 and NTR by SDS-PAGE and western blot procedures (Cho ei at, (1999) Proc. Natl. Acad. Sci. 
USA 96:14641-14646). Grain or seeds extract are preferably prepared as described by Cho ef a/., 
(1999) Plant Sci. 148:9-17). 

Thus, in the embodiment of identifying a bioactive agent the alters a biological activity of a BTRX/? or 
NTR polypeptide, the methods comprise combining an BTRX/? or NTR sample and a candidate 
bioactive agent, and evaluating the effect on the BTRX/7 or NTR activity. By "BTRX/? or NTR activity" 
or grammatical equivalents herein is meant one of the BTRX/? or NTR protein's biological activities, 
including, but not limited to those described above and, for example, a BTRX/? or NTR proteins ability 
to alter the oxidation/reduction state of N ADPH 2 or thioredoxin in vitro or in vivo. Other biological 
activities include altering the oxidation/reduction state of a ceil of a transgenic plant in which it is 
expressed, altering the digestibility of the starch or protein components of a transgenic seed or grain; 
redistribution of the proteins of a transgenic seed or grain to the more soluble albumin/globulin fraction 
and decreasing the aliergenicity of a transgenic seed or grain. 

in a preferred embodiment, the activity of the BTRX/? or NTR protein is decreased; in another 
preferred embodiment the activity of the BTRX/? or NTR protein is increased. Thus, bioactive agents 
that are antagonists are preferred in some embodiments, and bioactive agents that are agonists may 
be preferred in other embodiments. 

The assays described herein preferably utilize the H. vuigare BTRX/? or NTR protein, although other 
plant proteins may aiso be used, including dicotyledonous plants ( e.g. tomato, potato, soybean, 
cotton, tobacco, etc.) and monocotyledonous plants, including, but not limited to graminaceous 
monocots such as wheat (Triticum spp.), rice (Oryza spp.), barley (Horxteum spp.), oat {Avena spp.). 
rye (Seca/e spp.), com (Zea mays), sorgnum (Sorghum spp.) and millet (Pennisetum spp). For 
example, the present invention can oe employed with barley genotypes including, but not limited to 
Morex, Hamngton , Crystal, Stanaer, Moravian III, Galena, Salome, Steptoe, Klages, Baronesse, and 
with wheat genotypes including, but not limited to Yecora Rojo. Bobwhite, Karl and Anza. in general, 
the invention is particularly useful in cereals. These latter embodiments may t>e preferred in the 
development of models of grain germination. 
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In a preferred embodiment, the rnethoas comprise combining a BTRXh or NTR protein and a 
candidate bioactive agent, ana determining the binding of the candidate agent to the BTRXh or NTR 
protein. In other embodiments, further discussed below, binding interference or bioactivity is 
determined. 

The term "candidate bioactive agent" or "exogeneous compound" as used herein describes any 
molecuie, e.g., protein, small organic molecule, carbohydrates (including poiysacchandes), 
polynucleotide, lipids, etc. Generally a plurality of assay mixtures are run in parallel with different 
agent concentrations to obtain a differential response to the various concentrations. Typically, one of 
these concentrations serves as a negative control, /.e., at zero concentration or below the level of 
detection, in addition, positive controls, i.e. the use of agents known to alter or modulate BTRX/? or 
NTR activity, may be used. 

Candidate agents encompass numerous chemical classes, though typically they are organic 
molecules, preferably small organic compounds having a molecular weight of more than about 100 
daltons and less than about 2,500 daltcns. Candidate agents comprise functional groups necessary 
for structural interaction with proteins, particularly hydrogen bonding, and typically include at least an 
amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional chemical groups. 
The candidate agents often comprise cyclical carbon or heterocyclic structures and/or aromatic or 
polyaromatic structures substituted with one or more of the above functional groups. Candidate 
agents are also found among biomoiecuies including peptides, saccharides, fatty acids, steroids, 
punnes. pynmidines. derivatives, structural analogs or combinations thereof. Particularly preferred are 
peptides. 

Candidate agents are obtained from a wide variety of sources including libraries of synthetic or natural 
compounds. For example, numerous means are available for random and directed synthesis of a 
wide variety of organic compounds and biomoiecuies, including Expression of randomized 
oligonucleotides. Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant 
and animal extracts are available or readiiy produced. Additionally, natural or synthetically produced 
libranes and compounds are readily modified througn conventional chemical, physical and biochemical 
means. Known pharmacological agents may be subjected to directed or random chemical 
modifications, such as acyiation. aikylation. esterification, amidification to produce structural analogs. 

in a preferred embodiment, a library of different candidate bioactive agents are used. Preferably, the 
library should provide a sufficiently structurally diverse population of randomized agents to effect a 
probabilistically sufficient range of diversity to allow binding to a particular target. Accordingly, an 
interaction library should be large enougn so that at least one of its members will have a structure that 
gives it affinity for the target. Although it is difficult to gauge the required absolute size of an inter- 
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1 action library, nature provides a hint with tne immune response: a div rsity of 10 7 -10 6 different antibod- 
ies provides at least one combination with sufficient affinity to interact with most potential antigens 
faced by an organism. Publisned in vitro selection techniques have also shown that a library size of 
10 7 to 10 e is sufficient to find structures with affinity for the target. A library of all combinations of a 
peptide 7 to 20 amino acids in length, sucn as generally proposed herein, has the potential to code for 

6 20 7 (10 9 ) to 2D 20 . Thus, with libraries of 10 7 to 10 8 different molecules the present methods allow a 
"working'* subset of a theoretically complete interaction library for 7 amino acids, and a subset of 
shapes for the 20 20 library. Thus, in a preferred embodiment at least 10 6 t preferably at ieast 10 7 , 
more preferably at least 10* and most preferably at least 10 9 different sequences are simultaneously 
analyzed in the subject methods. Preferred methods maximize library size and diversity. 

11 

In a preferred embodiment, the candidate bioactive agents are proteins. By "protein'' herein is meant 
at least two covalentry attached amino acids, which includes proteins, polypeptides, oligopeptides and 
peptides. The protein may be made up of naturally occurring amino acids and peptide bonds, or 
synthetic peptidomimetic structures. Thus "amino acid", or "peptide residue", as used herein means 

16 both naturally occurring and synthetic amino acids. For exampie, homo-phenylaianine, citrulline and 
noreieucine are considered amino acids for the purposes of the invention. "Amino acid" also includes 
imino acid residues such as proline and hydroxyproiine. The side chains may be in either the (R) or 
the (S) configuration, in the preferred embodiment the amino acids are in the (S) or L-configuration. 
If non-naturaliy occurring side chains are used, non-amino acid substituents may be used, for example 

21 to prevent or retard in vivo degradations. Chemical blocking groups or other chemical substituents 
may also be added. 

In a preferrea embodiment the candidate bioactive agents are naturally occurring proteins or 
fragments of naturally occurring proteins. Thus, for example, cellular extracts containing proteins, or 
26 random or directed digests of proteinaceous cellular extracts, may be used. In this way libraries of 
procaryotic and eukaryotic proteins may be made for screening in-the systems described herein. 
Particularly preferred in this embodiment are libraries of plant, bacterial, fungal, viral, and mammalian 
proteins, with the latter being preferrea, 3nd human proteins being especially preferred. 

31 In a preferred embodiment, the candidate bioactive agents are peptides of from about 5 to about 30 
amino acids, with from about 5 to about 20 amino acids being preferred, and from about 7 to about 15 
being particularly preferred. The peptides may be digests of naturally occurring proteins as is outlined 
above, random peptides, or "biased" random peptides. By "randomized" or grammatical equivalents 
herein is meant that each nucleic acid ana peptide consists of essentially random nucleotides and 

36 amino acids, respectively. Since generally these random peptides (or nucleic acids, discussed below) 
are cnemicaliy synthesized, they may incorporate any nucleotide or amino acid at any position. The 
synthetic process can be designed to generate randomized proteins or nucleic acids, to allow the 
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formation of all or most of the possible comoinations over the length of the sequence, thus forming a 
library of ranaomized candidate bioactive Droteinaceous agents. 

In one embodiment, the library is fully randomized, with no sequence preferences or constants at any 
position. In a preferred emoodiment the library is biased. That is, some positions within the 
sequence are either held constant, or are selected from a limited nuiroer of possibilities. For example, 
in a preferred embodiment, the nucleotides or amino acid residues are randomized within a defined 
class, for example, of hydropnobic amino acids, hydrophilic residues, sterically biased (either small or 
large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 domains, 
serines, threonines, tyrosines or histidinas for pnosphorylation sites, etc., or to purines! etc. 

In a preferred embodiment, the candidate bioactive agents are nucleic acids. By "nucleic acid' or 
"oligonucleotide" or grammatical equivalents herein means at least two nucleotides coyatently linked 
together. A nucleic acid of the present invention will generally contain phosphodiester bonds, although 
in some cases, as outlined below, nucleic acid analogs are included that may have alternate 
backbones, comprising, for example, phosphoramide (Beaucage. etal.. Tetrahedron, 49(10):1925 
(1993) and references therein; Letsinger, J. Ore. Chem 35:3800 (1970); Sprinzl, era/., Eur. J. 
Bioet,em - 81:579 < 1977 ): Letsinger, etal., Nucl. Acids Res 14:3487 (1986); Sawai, era/., Chem. 
Lett, 805 (1984), Letsinger, ef at., J. Am. Qhem. Soc, 110:4470 (1988); and Pauweis, ef a/., Chemica 
SefjBta, 26:141 (1986)), phosphorothioate (Mag, etal., Nucleic Acids Res 19:1437 (1991); and U.S. 
Patent No. 5,644,048), pnosphorodithioate (Briu. ef at., J. Am. Chem Son 111:2321 (1989)). O- 
methylphophoroamidite linkages (see Eckstein. Oligonucleotides and Analogues: A Practical 
Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see Egholm, ^ 
Am. Chem. Soc „ 114:1895 (1992); Meier, era/., Chem. int. gri Pnm 31:1008 (1992); Nielsen, 
N§Me. 365:566 (1993); Carlsson, ef al.. Nature, 380:207 (1996), all of which are incorporated by 
reference)). Other analog nucleic acios include those with positive backbones (Denpcy, ef a/.. Proc. 
Natl. Acad. Sci. USA , 92:6097 (1995)); non-ionic backbones (U.S. Patent Nos. 5.386,023; 5.637.684; 
5.602.240; 5.216,141; and 4,469.863; Kiedrowshi. ef al., Andew. Chem tnti. Ed. English . 30:423 
(1991); Letsinger, ef a/., J. Am. Chem. Soc , 110:4470 (1988); Letsinger, ef al.. Nucleoside & 
Nucleotide. 13:1597 (1994); Chapters 2 and 2, ASC Symposium Series 580, "Carbohydrate 
Modifications in Antisense Research". Ed. Y.S. Sanghui and P. Dan Cook: MesmaeKer, etal., 
Bioorqanic&MedianalChem. Lett , 4:395 (1994); Jeffs, etal., J. Biomolecuiar NMR 34:17 (1994); 
Tetraneoron Lett, 37:743 (1996)) and non-ribose backbones, including those described in U.S. Patent 
Nos. 5.235.033 and 5.034.505. and Chapters 6 and 7. ASC Symoosium Senes 580. "Caroohydrate 
Modifications in Anfsense Research". Ed. Y.S. Sangnu. and P. Dan Cook. Nucleic acids containing 
one or more carbocyclic sugars are also .nciuded within the definition of nucleic acids (see Jenkms. ef 
al.. Chem. Soc. Rev , (1995) pp. 169-176). Severa. nucle,c acid analogs are descnoed in Rawls. C & 
E News, June 2, 1997, page 35 All of these references are hereby exoressly incorporated by 
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1 reference. These modifications of the ribose-phosphate backbone may be done to facilitate the 

addition of additional moieties sucn as labels, or to increase the stability and half-life of such molecules 
in physiological environments. In addition, mixtures of naturally occurring nucleic acids and analogs 
can be made. Alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally 
occurring nucleic acids and analogs may be made. The nucleic acids may be single stranded or 

6 double stranded, as specified, or contain portions of both double stranded or single stranded 

sequence. The nucleic acid may be DNA, Doth genomic and cDNA, RNA or a hybrid, where the 
nucleic acid contains any comDination of deoxyribo- and ribonucleotides, and any combination of 
bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xathanine hypoxathanine, 
isocytosine. isoguanine, etc. 

11 

As described above generally for proteins, nucieic acid candidate bioactive agents may be naturally 
occurring nucieic acids, random nucleic acids, or "biased" random nucleic acids. For example, digests 
of procaryotic or eukaryotic genomes may be used as is outlined above for proteins. 

16 in a preferred embodiment, the candidate bioactive agents are organic chemical moieties, a wide 
variety of which are available in the literature. 

in a preferred embodiment, the candidate bioactive agents are linked to a fusion partner. By "fusion 
partner" or "functional group" herein is meant a sequence that is associated with the candidate 

21 bioactive agent, that confers upon all members of the library in that class a common function or ability. 
Fusion partners can be heterologous (i.s. not native to the host cell), or synthetic (not native to any 
cell). Suitable fusion partners include, but are not limited to: a) presentation structures, which provide 
the candidate bioactive agents in a conformational^ restricted or stable form; b) targeting sequences, 
which allow the localization of the candidate bioactive agent into a subcellular or extracellular 

26 compartment; c) rescue seouences which allow the purification or isolation of either the candidate 
bioactive agents or the nucieic acids encoding them; d) stability* sequences, which confer stability or 
protection from degradation to the candidate bioactive agent or the nucleic acid encoding it, for 
example resistance to proteolytic degradation; e) dimerization sequences, to allow for peptide 
dimerization; or f) any combination of a), b), c), d), and e), as well as linker sequences as needed. 

31 

in one embodiment of the methods aescribed herein, portions of BTRX/? or NTR proteins are utilized; 
in a preferred embodiment, portions having BTRX/? or NTR activity are used to identify agents that 
bind to BTRX/7 or NTR. In addition, the assays described herein may utilize either isolated BTRX/? or 
NTR proteins or cells comprising the BTRX/7 or NTR proteins. 

36 

Generally, in a preferred emoodiment of the methods herein, for example for binding assays, the 
BTRX/) or NTR protein or the candidate agent is non-diffusibiy bound to an insoluble support having 
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isolated sample receiving areas (e.g. a microtiter plate, an array, etc.). The insoluble supports may be 
made of any composition to which the compositions can be bound, is readily separated from soluble 
material, ana is otherwise compatible with the overall method of screening. The surface of such 
supports may be solid or porous ana of any convenient shape. Examples of suitable insoluble 
supports include microtiter plates, arrays, membranes and beads. These are typically made of glass, 
plastic (e.g., polystyrene), polysaccharides, nylon or nitrocellulose, teflon™, etc. Microtiter plates and 
arrays are especially convenient because a large number of assays can be carried out simultaneously, 
using small amounts of reagents and samoies. in some cases magnetic beads and the like are 
included. The particular manner of binding of the composition is not crucial so long as it is compatible 
with the reagents and overall methods of the invention, maintains the activity of the composition and is 
nondiffusable. Preferred methods of binding include the use of antibodies (which do not sterically 
block either the ligand binding site or activation sequence when the protein is bound to the support), 
direct binding to "sticky" or ionic supports, chemical crossiinking, the synthesis of the protein or agent 
on the surface, etc. Following binding of the protein or agent, excess unbound material is removed by 
washing. The sample receiving areas may then be blocked through incubation with bovine serum 
albumin (BSA). casein or other innocuous protein or other moiety. Also included in this invention are 
screening assays wherein solid supports are not used; examples of sucn are described below. 



In a preferred embodiment, the BTRXft or NTR protein is bound to the support, and a candidate 
bioactive agent is added to the assay. Alternatively, the candidate agent is bound to the support and 

21 the BTRX/> or NTR protein is added. Novel binding agents include specific antibodies, non-natural 
binding agents identified in screens of chemical libraries, peptide analogs, etc. Of particular interest 
are screening assays for agents that have a low toxicity for human cells. A wide variety of assays may 
be used for this purpose, including labeled in vitro protein-protein binding assays, eiectrophoretic 
mobility shift assays, immunoassays for protein binding, functional assays, preferably 

26 oxidation/reduction assays. 

The determination of the binding of the candidate bioactive agent to the BTRX/? or NTR protein may be 
done in a number of ways. In a preferred embodiment, the candidate bioactive agent is labelled, and 
binding determined directly. For example, this may be done by attacning all or a portion of the BTRX/? 
31 or NTR protein to a solid support adding a labelled candidate agent (for example a radio or 

fluorescent label), washing off excess reagent, and determining whether the label is Dresent on the 
solid support. Vanous blocking and washing steps may be utilized as is known in the art. 

By "labeled" herein is meant that the comoound is either directly or indirectly labeled with a label which 
36 provides a detectable signal, e.g. radioisotope, fluoresces enzyme, antibodies, particles such as 

magnetic particles, chemiiuminescers, or specific binding molecules, etc. Specific binding molecules 
include pa.rs. such as biotin and strepiavjdin, digoxin and antidigoxin etc. For the specific binding 
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members, the complementary member would normally be labeled with a molecule which provides for 
detection, in accordance with known procedures, as outlined above. The label can directly or indirectly 
provide a detectaole signal. 

In some embodiments, only one of the components is labeled. For example, the proteins (or 
proteinaceous candidate agents) may be labeled at tyrosine positions using 125 !, or with fluorophores. 
Alternatively, more than one component may be labeled with different labels; using 125 l for the proteins, 
for example, and a fluoropnor for the candidate agents. 

In a preferred embodiment, the binding of the candidate bicactive agent is determined through the use 
of competitive binding assays. In this emoodiment the competitor is a binding moiety known to bind to 
the target molecule (i.e. BTRX/i or NTR protein), such as an antibody, peptide, binding partner, ligand, 
etc. Under certain circumstances, there may be competitive binding as between the bioactive agent 
and the binding moiety, with the binding moiety displacing the bioactive agent. This assay can be 
used to determine candidate agents which interfere with binding between BTRXr? or NTR proteins and 
binding partners. "Interference of binding" as used herein means that native binding of the BTRX/) or 
NTR protein differs in the presence of the candidate agent. The binding can be eliminated or can be 
with a reauced affinity. Therefore, in one embodiment, interference is caused by, for example, a 
conformation change, rather than direct competition for the native binding site. 

In one embodiment, the candidate bioactive agent is labeled. Either the candidate bioactive agent or 
the competitor, or both, is added first to the protein for a time sufficient to allow binding, if present. 
Incubations may be performed at any temperature which facilitates optimal activity, typically between 4 
and 40°C. Incubation periods are selected for optimum activity, but may also be optimized to facilitate 
raoid high through put screening. Typically between aoout 0.1 and about 1.0 hour will be sufficient 
Excess reagent is generally removed or washed away. The second component is then added, and 
the presence or absence of the labeled component is followed, to indicate binding. 

In a preferred embodiment the competitor is added first, followed by the candidate bioactive agent. 
Displacement of the competitor is an indication that the candidate bioactive agent is binding to the 
NTR protein and thus is capable of binding to, and potentially modulating, the activity of the NTR 
protein. In this embodiment, either component can be labeled. Thus, for example, if the competitor is 
labeled, the presence of label in the wasn solution indicates displacement by the agent. Alternatively, 
if the candidate bioactive agent is labeled, the presence of the label on the support indicates 
displacement. 

in an alternative embodiment, the candidate oioactive agent is added first, with incubation and 
washing, followed by the competitor. The absence of binding by the competitor may indicate that the 
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1 bioactive agent is bound to the BTRXh or NTR protein with a higher affinity. Thus, if the candidate 
bioactive agent is labeled, the presence of the laoei on the support, coupied with a lack of comDetitor 
binding, may indicate that the candidate agent is capable of binding to the BTRX/7 or NTR protein. 

In a preferred embodiment, the methods comprise differential screening to identity bioactive agents 
6 that are capable of modulating the activity of the BTRX/7 or NTR proteins. Such assays can be done 
with the BTRX/7 or NTR protein or cells comprising said BTRX/7 or NTR protein. In one embodiment, 
the methods comprise combining an BTRX/? or NTR protein and a competitor in a first sample. A 
second sampie comprises a candidate bioactive agent an BTRX/j or NTR protein and a competitor. 
The binding of the competitor is determined for both samples, and a change, or difference in binding 
1 1 between the two samples indicates the presence of an agent capable of binding to the BTRX/7 or NTR 
protein and potentially modulating its activity. That is, if the binding ofthe competitor is different in the 
second sample relative to the first sampie. the agent is capable of binding to the BTRX/7 or NTR 
protein. 

16 Alternatively, a preferred emoodimem utilizes differential screening to identify candidates that bind to 
the native BTRX/? or NTR protein, but cannot bind to modified BTRX/) or NTR proteins. The structure 
ofthe BTRX/7 or NTR protein may be modeled, and used in rational design and synthesis of agents 
that interact with that site. Drug candidates that affect BTRX/7 or NTR bioactivity are also identified by 
screening drugs for the ability to either enhance or reduce the activity of the protein. 
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Positive controls and negative controls may be used in the assays. Preferably all control and test 
samples are performed in at least triplicate to obtain statistically significant results. IncuDation of all 
samples is for a time sufficient for the binding of the agent to the protein. Following incubation, all 
samples are washed free of non-specificaiiy bound material and the amount of bound, generally 
labeled agent determined. For example, where a radioiabel is employed, the samples may be counted 
in a scintillation counter to determine the amount of bound compound. 

A vanety of other reagents may be included in the screening assays. These include reagents like 
salts, neutral proteins, e.g. albumin, detergents, etc whicn may be used to facilitate optimal 
protein-protein binding and/or reduce non-specific or background interactions. Also reagents that 
otherwise improve the efficiency of the assay, sucn as protease inhibitors, nuclease inhibitors, 
anti-microbial agents, etc., may be used. The mixture of components may be added in any order that 
provides for the requisite oinding. 

In a preferred embodiment, the invention provioes methods of screening for bioactive agents capable 
of modulating the activity of an BTRX/j or NTR protein. The methods compnse adding a candidate 
bioactive agent, as defined aoove, to a cell comprising BTRX/7 or NTR proteins. Preferred cell types 
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include almost any cell. The ceils contain a recombinant nucleic acid that encodes an BTRX/? or NTR 
protein. In a preferrea embodiment, a library of candidate agents are tested on a plurality of cells. 

Detection of BTRX/j or NTR regulation may be done as will be appreciated by those in the art. In one 
embodiment, indicators of the NTR activity are used, for example, oxidation of NADPH or reduction of 
thioredoxin, preferably thioredoxin h. In one embodiment, indicators of the BTRX/) activity are used, 
for example, using the NADP-maiate dehydrogenase activation assay as described by Fiorencio et at. 
1988 and Johnson et al. (1987a). There are a number of parameters that may be evaluated or 
assayed to allow the detection of alterations in BTRX/j or NTR regulation, including, but not limited to, 
cell viability assays, germination characteristics of a transgenic grain or seed, redox status of 
transgenic grain or seed, digestibtttiy of a transgenic seed or grain, the expression of gibbereliic add 
inducible enzyme in a transgenic seed or grain. Other parameters include mRNA synthesis, 
translation, peptides, activity of a protein or enzyme, distribution of protein in, for example, more 
soluble verses less soluble fractions. By assaying or measuring one or more of these parameters, it is 
possible to detect not only alterations in BTRX/) or NTR regulation, but alterations of different steps of 
the BTRX/7 or NTR regulation pathway, in this manner, rapid, accurate screening of candidate agents 
may be performed to identify agents that modulate BTRX/7 or NTR regulation. 

Accordingly, the invention provides methods of screening for alterations in BTRX/7 or NTR regulation 
of a population of cells. By "alteration" or "modulation" (used herein interchangeably), is generally 
meant a change, for example, in the redox state of a substrate or co-factor of the BTRX/) or NTR 
protein. In another embodiment, is meant a change in the redox state in a pathway affected by 
BTRX/? or NTR activity. 

The measurements can be determined wherein all of the conditions are the same for each 
measurement, or under various conditions, with or without bioactive agents, or at different stages of 
the cell cycie process. For example, a measurement of BTRX/) or NTR regulation can be determined 
in a cell or cell population wherein a candidate bioactive agent is present and wherein the candidate 
bioactive agent is absent In another example, the measurements of BTRX/) or NTR regulation are 
determined wherein the condition or environment of the cell or populations of celis differ from one 
another. For example, the ceils may be evaluated in the presence or absence or previous or 
subsequent exposure of physiological signals, for example hormones, antibodies, peptides, antigens, 
cytokines, growth factors, action potentials, pharmacological agents including chemotnerapeutics, 
radiation, carcinogenics. or other cells (i.e. cell-cell contacts). In another example, the measurements 
of BTRX/i or NTR regulation are determined at different stages of the cell cycle orocess. in yet 
another examole. the measurements of BTRX/) or NTR regulation are taken wherein the conditions 
are the same, and the alterations are between one cell or cell population and another ceil or ceil 
population. 
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By a "population of cells" or "library of cells" herein is meant at least two cells, with at least about 10 3 
being preferred, at least about to 6 being particularly preferred, ana at least about 10 e to 10 9 being 
especially preferred. The population or sample can contain a mixture of different cell types from either 
primary or secondary cultures although samples containing only a single ceil type are preferred, for 
example, the sample can be from a cell line, particularly tumor cell lines, as outlined below. The ceils 
may be in any ceil phase, either synchronously or not, including M. G1, S, and G2. In a preferred 
embodiment, cells that are replicating or proliferating are used; this may allow the use of retroviral 
vectors for the introduction of candidate bioactive agents. Alternatively, non-replicating cells may be 
used, and other vectors (such as adenovirus, lenttvirus, and Agrvbacterium vectors) can be used. In 
addition, although not required, the cells are compatible with dyes and antibodies. 



Preferred cell types for use in the invention include, but are not limited to, plant cells, including mono- 
and dicot plants such as (cereal grains, barley, wheat sorghum, soybeans, sugar beets, peanuts, 
canola and as described above), and mammalian cells, including animal (rodents, including mice, rats, 
hamsters and gerbils), primates, and human cells, particularly including tumor cells of all types, 
16 including breast, skin, lung, cervix, colon-rectal, leukemia, brain, etc. 

In a preferred embodiment the methods comprise assaying one or more of several different cell 
parameters, including, but not limited to, cell viability, ceil proliferation, and cell phase. 

21 In a preferred embodiment, cell viability is assayed, to ensure that a lack of cellular change is due to 
experimental conditions (i.e. the introduction of a candidate bioactive agent) not cell death. There are 
a variety of suitable cell viability assays which can be used, including, but not limited to, light 
scattering, viability dye staining, and exclusion dye staining. 

26 In a preferred embodiment a light scattering assay is used as the viability assay, as is well known in 
the art For example, when viewed in the FACS, cells have particular characteristics as measured by 
their forward and 90 degree (side) light scatter properties. These scatter properties represent the size, 
shape and granule content of the ceils. These properties account for two parameters to be measured 
as a readout for the viability. Briefly, the DNA of dying or dead cells generally condenses, which alters 

31 the 90* scatter similarly, membrane blebbing can alter the forward scatter. Alterations in the intensity 
of light scattering, or the ceil-refractive index indicate alterations in viability. 

Thus, in general, for light scattering assays, a live cell population of a particular cell type is evaluated 
to determine its forward and side scattenng prooerties. This sets a standard for scattering that can 
36 subsequently be used. 

In a pref rred embodiment, tn viability assay utilizes a viability dye. There are a number of known 
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viability ayes mat stain aead or dying cells, but do not stain growing celts. For example, annexin V is a 
member of a protein family which displays specific binding to phospnoiiDid (phosphotidylserine) in a 
divalent ion dependent manner. This protein has been widely used for the measurement of apoptosis 
(programmed cell death) as celt surface exposure of phosphatidytserine is a hallmark early signal of 
this process. Suitable viability dyes inciuae. but are not limited to. annexin, ethidium homodimer-1, 
DEAD Red, propidium iodide. SYTOX Green, etc.. and others known in the an; see the Molecular 
Probes Handbook of Fluorescent Probes and Research Chemicals, Haugianc, Sixth Edition, hereby 
incorporated by reference: see Apoptosis Assay on page 285 in particular, and Chapter 16. 

Protocols for viability dye staining for cell viability are Known, see Molecular Probes catalog, supra. In 
this embodiment, the viability dye such as annexin is labeled, either directly or indirectly, and 
combined with a cell population. Annexin is commercially available, i.e., from PharMingen, San Diego, 
California, or Cattag Laboratories, Millbnae, California. Preferably, the viability dye is provided in a 
solution wherein the dye is in a concentration of about 100 ng/ml to about 500 ng/mi, more preferably, 
about 500 ng/ml to about 1 yg/ml, and most preferably, from about 1 pg/ml to about 5 Mg/ml. In a 
preferred embodiment, the viability dye is directly labeled; for example, annexin may be labeled with a 
fluorochrome such as fluorecein isothiocyanate (RTC), Alexa dyes, TRITC, AMCA, APC, tri-coior, Cy- 
5, and others known in the art or commercially available, in an alternate preferred embodiment, the 
viability dye is labeled with a first label, sucn as a hapten such as biotin. and a secondary fluorescent 
label is used, such as fluorescent streptavidin. Other first and second labeling pairs can be used as 
will be. appreciated by those in the art 

Once added, the viability dye is allowed to incubate with the ceils for a period of time, and washed, if 
necessary. The cells are then sorted as outlined below to remove the non-viable cells. 

In a preferred embodiment, exclusion dye staining is used as the viability assay. Exclusion dyes are 
those which are excluded from living ceils, i.e. they are not taken up passively (they do not permeate 
the cell membrane of a live cell). However, due to the permeability of dead or dying cells, they are 
taken up by dead cells. Generally, but not aiways, the exclusion dyes bind to DNA, for example via 
intercalation. Preferably, the exclusion dye does not fluoresce, or fluoresces poorly, in the absence of 
DNA; this eliminates the need for a wash step. Alternatively, exclusion dyes that require the use of a 
seconaary label may also be used. Preferred exclusion dyes include, but are not limited to, ethidium 
bromide; ethidium homodimer-1; prooidium iodine; SYTOX green nucieic acid stain; Calcein AM, 
BCECF AM; fluorescein diacetate; TOTO® and TO-PRO™ (from Molecular Probes; supra, see 
chapter 16) and others known in the art. 

Protocols for exclusion dye staining for cell viability are known, see the Molecular Probes catalog, 
supra. In genera!, the exclusion dye is added to the cells at a concentration of from about 100 ng/ml to 
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about 500 ng/ml, more preferably, about 500 ng/ml to about 1 pg/rnl, and most preferably, from about 
0.1 pg/mt to aoout 5 pg/ml, with aoout 0.5 pg/ml being particularly preferred. The ceils and the 
exclusion dye are incuDated for some period of time, wasned. if necessary, and then the cells sorted 
as outlined below, to remove non-viable cells from the population. 

In addition, there are other cell viability assays which may be run, including for example enzymatic 
assays, whicn can measure extracellular enzymatic activity of either live cells (i.e. secreted proteases, 
etc.), or dead ceils (i.e. the presence of intracellular enzymes in the media; for example, intracellular 
proteases, mitochondrial enzymes, etc.). See the Molecular Probes Handbook of Fluorescent Probes 
and Research Chemicals, Haugtand, Sixth Edition, hereby incorporated by reference; see chapter 16 
in particular. 

In a preferred embodiment at least one cell viability assay is run, with at least two different cell viability 
assays being preferred, when the fluors are compatible. When only 1 viability assay is run, a 
preferred embodiment utilizes light scattering assays (both forward and side scattering). When two 
viability assays are run, preferred emDodiments utilize light scattering and dye exclusion, with light 
scattering and viability dye staining aiso possible, and all three being done in some cases as well. 
Viability assays thus allow the separation of viable cells from non-viable or dying cells. 

In addition to a cell viability assay, a Dreferred embodiment utilizes a cell proliferation assay. By 
"proliferation assay" herein is meant an assay that allows the determination that a cell population is 
either proliferating, i.e. replicating, or not replicating. 

In a preferred embodiment, the proliferation assay is a dye inclusion assay. A dye inclusion assay 
relies on dilution effects to distinguish between cell phases. Briefly, a dye (generally a fluorescent dye 
as outlined beiow) is introduced to cells and taken up by the cells. Once taken up. the dye is trapped in 
the cell, and does not diffuse out As the cell population divides, the dye is proportionally diluted. That 
is, after the introduction of the inclusion aye, the cells are allowed to incubate for some period of time; 
cells that lose fluorescence over time are dividing, and the cells that remain fluorescent are arrested in 
a non-growth phase. 



Generally, the introduction of the inclusion dye may be done in one of two ways. Either the dye cannot 
passiveiy enter the cells (e.g. it is cnargeti), and the ceils must be treated to take up the dye; for 
examoie through the use of a eiectric puise. Alternatively, the aye can passively enter the cells, but 
once taken up, it is modified sucn that :i cannot diffuse out of the cells. For example, enzymatic 
modification of the inclusion aye may render it charged, and thus unable to diffuse out of the cells. For 
example, the Molecular Prooes CellTracKer™ dyes are fluor scent chloromethyl derivatives that freeiy 
diffuse into cells, and then glutathione S-transferase-mediated reaction proauces membrane 
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1 tmpermeant dyes. 

Suitable inclusion dy s include, but are not iimitea to. the Molecular Probes line of CellTracker™ dyes, 
including, but not limited to CellTracKer™ Blue. CeHTracker™ Yellow-Green, CellTracker™ Green. 
CellTracker™ Orange, PKH26 (Sigma), and others known in the an; see the Molecular Probes 
6 Handbook, supra: chapter 15 in particular. 

In general, inclusion dyes are provided to the cells at a concentration ranging from about 

100 ng/ml to about 5 pg/ml t with from about 500 ng/mi to about 1 ^g/ml being preferred. A wash step 

may or may not be used. In a preferred embodiment a candidate bioactive agent is combined with the 

1 1 cells as described herein. The cells and the inclusion dye are incubated for some period of time, to 
allow cell division and thus dye dilution. The length of time will depend on the cell cycle time for the 
particular cells; in general, at least about 2 cell divisions are preferred, with at least about 3 being 
particularly preferred and at least about A being especially preferred. The ceils are then sorted as 
outlined below, to create populations cf cells that are replicating and those that are not As will be 

16 - appreciated by those in the art in some cases, for example when screening for anti-proliferation 
agents, the bright (i.e. fluorescent) cells are collected; in other embodiments, for example for 
screening for proliferation agents, the low fluorescence ceils are collected. Alterations are determined 
by measuring the fluorescence at either different time points or in different ceil populations, and 
comparing the determinations to one another or to standaras. 

21 

In a preferred embodiment, the proliferation assay is an antimetabolite assay. In general, 
antimetabolite assays find the most use when agents that cause cellular arrest in G1 or G2 resting 
phase is desired. In an antimetabolite proliferation assay, the use of a toxic antimetabolite that will kill 
dividing celts will result in survival of only those ceils that are not dividing. Suitable antimetabolites 
26 include, but are not limited to, standard chemotherapeutic agents such as methotrexate, cispiatin, 
taxoi, hydroxyurea, nucleotide analogs such as AraG, etc. In addition, antimetabolite assays may 
include the use of genes that cause cell death upon expression. 

The concentration at which the antimetabolite is added will depend on the toxicity of the particular 
31 antimetabolite, and will be determined as is known in the art. The antimetabolite is added and the 
ceils are generally incubated for some period of time; again, the exact period of time will depend on 
the characteristics and identity of the antimetabolite as well as the cell cycle time of the particular cell 
population. Generally, a time sufficient for at least one cell division to occur. 

36 In a preferred embodiment, at least one proliferation assay is run, with more than one being preferred. 
Thus, a proliferation assay results in a population of proliferating cells and a population of arrested 
cells. Moreover, other proliferation assays may be used, i.e., colorimetric assays known in the art 
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In a preferred emoodiment, either after or simultaneously with one or more of the proliferation assays 
outlined aDove. at least one cell phase assay is done. A "cell phase" assay determines at which cell 
phase the cells are arrested. M. G1. S, or G2. 

In a preferred emoodiment. the cell phase assay is a DNA binding dye assay. Briefly, a DNA binding 
dye is introduced to the cells, and taken up passively. Once inside the cell, the DNA binding dye binds 
to DNA, generally by intercalation, aithougn in some cases, the oyes can be either major or minor 
groove binding compounds. The amount of dye is thus directly correlated to the amount of DNA in the 
cell, which vanes by cell phase: G2 and M phase cells have twice the DNA content of G1 phase cells, 
and S ohase cells have an intermediate amount, depending on at what point in S phase the cells are. 
Suitable DNA binding ayes are penmeant, and include, but are not limited to, Hoechst 33342 and 
3325E, acridine orange, 7-AAD, LDS 751. DAPI, and SYTO 16, Molecular Probes Handbook, supra; 
chapters 8 and 16 in particular. 

In general, the DNA binding dyes are added in concentrations ranging from about 1 ug/ml to about 5 
1 6 ug/ml. The dyes are added to the cells and allowed to incubate for some period of time; the length of 
time will depend in part on the dye chosen. In one embodiment, measurements are taken immediately 
after addition of the dye. The cells are then sorted as outlined below, to create populations of cells 
that contain different amounts of dye, ana thus different amounts of DNA; in this way, cells that are 
replicating are separated from those thai are not. As will be appreciated by those in the art, in some 
21 cases, for example when screening for anti-proliferation agents, cells with the least fluorescence (and 
thus a single copy of the genome) can be separated from those that are replicating and thus contain 
more than a single genome of DNA. Alterations are determined by measuring the fluorescence at 
either different time points or in different cell populations, and comparing the determinations to one 
another or to standards. 
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In a preferred embodiment, the ceil phase assay js a cyclin destruction assay. In this embodiment, 
prior to screening (and generally prior to the introduction of a candidate bioactive agent, as outlined 
below,, a fusion nucleic acid is introduced to the cells. The fusion nucleic acid comprises nucleic acid 
encoding a cyciin destruction box ana a nucleic acid encoding a detectable molecule. "Cyclin 
destruction boxes" are known in the an and are sequences that cause aestruction via the 
ubiauitination pathway of proteins containing the boxes dunng particular cell phases. That is. for 
example, G1 cyclins may be stable during G1 phase but degraded dunng S phase due to the 
presence of a G1 cyclin destruction box. Thus, by linking a cyciin destruction box to a detectable 
molecule, for example green fluorescent prolan, the presence or absence of the detectable molecule 
can serve to identify the cell phase of the cell population. In a preferrea embodiment, multiple boxes 
are usee, preferably each with a different fiuor. such that detection of tne cell phase can occur. 
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A number of cyclin destruction boxes are known in the art. for exampie, cyclin A has a destruction box 
comprising the seouence RTVLGVIGD (SEC ID NO:34A); the destruction box of cyciin B1 compnses 
the sequence RTALGDiGN (SEQ !D NO:35l. See Glotzer et al., Nature 349:132-138 (1991). Other 
destruction boxes are known as well: YMTVSIIDRFMQDSCVPKKMLQLVGVT (SEQ ID NO:36; rat 
cyciin B); KFRLLQETMYMTVSilDRFMQNSCVPKK (SEQ ID NO:37; mouse cyclin B); 
RAILIDWLIQVQMKFRLLQETMYMTVS (SEQ ID NO:38; mouse cyciin B1); 
DRFLQAQLVCRKKLQWGITALLLASK (SEQ ID NO:39; mouse cyciin B2); and 
MSVLRG KLQ LVGTAAM LL (SEQ ID NO:40; mouse cyciin A2). 

The nucleic acid encoding the cyclin destruction dox is operabiy linked to nucleic acid encoding a 
aetectabie molecule. The fusion proteins are constructed by methods known in the art. For example, 
the nucleic acids encoding the destruction box is ligated to a nucleic acid encoding a detectable 
molecule. By "detectable molecule" herein is meant a molecule that allows a cell or compound 
comprising the detectable molecule to be distinguished from one that does not contain it i.e., an 
epitope, sometimes called an antigen TAG, a specific enzyme, or a fluorescent molecuie. Preferred 
fluorescent molecules include but are not limited to green fluorescent protein (GFP), blue fluorescent 
protein (BFP), yeliow fluorescent protein (Y~P) t red fluorescent protein (RFP), and enzymes including 
ludferase and P-gaiactosidase. When antigen TAGs are used, preferred embodiments utilize celt 
surface antigens. The epitope is preferably any detectable peptide which is not generally found on the 
cytoplasmic membrane, although in some instances, if the epitope is one normally found on the ceils, 
increases may be detected, although this is generally not preferred. Similarly, enzymatic detectable 
molecules may also be used; for exampie, an enzyme that generates a novel or cnromogenic product. 

Accordingly, the results of sorting after cell phase assays generally result in at least two populations of 
cells that are in different cell phases. 

The proteins and nucleic acids provided herein can also be used for screening purposes wherein the 
pi-otein-protein interactions of the BTRX/) or NTR proteins can be identified. Genetic systems have 
been described to detect protein-protein interactions. The first work was done in yeast systems, 
namely the "yeast two-hybrid" system. The basic system requires a protein-protein interaction in order 
to turn on transcription of a reporter gene. Subsequent work was done in mammalian cells. See 
Fields et al., Nature 340:245 (19B9); Vasavaaa et ai., PNAS USA 88:10686 (1991); Fearon et aL, 
PNAS USA 89:7958 (1992); Dang et ai., Mot. Cell. Biol. 11:954 (1991); Chien et ai., PNAS USA 
88:9578 (1991); and U.S. Patent Nos. 5,283,173, 5,667.973, 5.468,614. 5.525.490, and 5,637,463. a 
preferred system is described in Serial Nos. 09/050.863. filed March 30. 1998 and 09/359.081 filed 
Juiy 22. 1999, entitled 'Mammalian Protein interaction Cloning System". For use in conjunction with 
these systems, a particularly useful snuttte vector is described in Serial No. 09/133,944. filed August 
14. 199E, entitled "Shuttle Vectors". 
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In general, two nucleic acids are transformed into a cell, wnere one is a "bait" such as trie gene 
needing an BTRX/7 or NTR protein or a portion thereof, and the other encodes a test candidate. Only 
if the two exDression products bind .to one another will an indicator, such as a fluorescent orotein, be 
expressed. Expression of the indicator indicates when a test candidate binds to the BTRX/7 or NTR 
protein and can be identified as an BTRX/? or NTR protein. Using the same system and the identified 
BTRX/7 or NTR proteins the reverse can be performed. Namely, the BTRX/7 or NTR proteins provided 
herein can be used to identify new baits, or agents which interact with BTRX/7 or NTR proteins. 
Additionally, the two-hybrid system can be used wherein a test candidate is added in addition to the 
bait and the BTRX/? or NTR protein encoding nucleic acids to determine agents which interfere with 
the bait and the BTRX/? or NTR protein interactions. 



In one embodiment, a mammalian two-hybrid system is preferred. Mammalian systems provide post- 
translational modifications of proteins which may contribute significantly to their ability to interact. In 
addition, a mammalian two-hyorid system can be used in a wide variety of mammalian cell types to 
mimic the regulation, induction, processing, etc. of SDecific proteins within a particular cell type. For 

16 example, proteins involved in a disease state (i.e., cancer, apoptosis related disorders) could be 

tested in the relevant disease cells. Similarly, for testing of random proteins, assaying them under the 
relevant cellular conditions will give the highest positive results. Furthermore, the mammalian ceils 
can be tested under a variety of expenmentai conditions that may affect intracellular protein-protein 
interactions, such as in the presence of hormones, drugs, growth factors and cytokines, radiation, 

21 chemotherapeutics, cellular and chemical stimuli, etc., that may contribute to conditions which can 
effect protein-protein interactions, particularly those involved in cancer. 

Assays involving binding such as the two-hybrid system may take into account non-specific binding 
proteins (NSB). 

26 

Expression in various cell types, and assays forBTRX/? or NTR activity are described above. The 
activity assays, such as having an effect on, for example, the oxidation/reduction state of a cell or cell 
component, organelle, or molecule performed to confirm the activity of BTRX/? or NTR proteins which 
have already been identified by their sequence identity/simiiarity or binding to BTRX/? or NTR as well 
31 as to further confirm the activity of lead compounds identified as modulators of BTRX/? or NTR. 

In one embodiment, the BTRX/? or NTR proteins of the present invention may be used to generate 
polyclonal and monoclonal antibodies to BTRX/? or NTR proteins, which are useful as described 
herein. Similarly, the BTRX/7 or NTR proteins can be coupied, using standard technology, to affinity 
36 chromatography columns. These columns may then be used to purify BTRX/? or NTR antibodies. In a 
preferred embodiment, the antibodies are generated to epitopes unique to the NTR protein; that is, the 
antibodies show little or no cross-reactivity to other proteins. These antibodies find use in a number of 
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1 applications. For example, the BTRX/i or NTR antibodies may be coupled to standard affinity 

chromatography columns and used to purify BTRX/? or NTR proteins as further described below. The 
antibodies may also be used as blocking polypeptides, as outlined above, since they will specifically 
bind to the BTRX/? or NTR protein. 

6 The anti-NTR protein antibodies may comprise polyclonal antibodies. Methods of prepanng polyclonal 
antibodies are known to the skilled artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if desired, an adjuvant Typically, the 
immunizing agent and/or adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the BTRX/7 or NTR protein or a fusion 

1 1 protein thereof. It may be useful to conjugate the immunizing agent to a protein known to be 

immunogenic in the mammal being immunized. Examples of such immunogenic proteins include but 
are not limited to keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, and soybean 
trypsin inhibitor. Examples of adjuvants which may be employed include Freund's complete adjuvant 
and MPL-TDM adjuvant (monophosphoryl Lipid a, synthetic trehalose dicorynomycolate). The 

16 immunization protocol may be selected by one skilled in the art without undue experimentation. 

The anti-Btrxh or anti-NTR protein antibodies may, alternatively, be monoclonal antibodies. 
Monoclonal antibodies may be prepared using hybridoma methods, such as those described by Kohler 
and Milstein, Nature . 256:495 (1975). In a hybridoma method, a mouse, hamster, or other appropriate 
21 host animal, is typically immunized with an immunizing agent to elicit lymphocytes that produce or are 
capable of producing antibodies that will specifically bind to the immunizing agent. Alternatively, the 
lymphocytes may be immunized in vitro. 

The immunizing agent will typically inciude the BTRX/? or NTR protein or a fusion protein thereof. 

26 Generally, either peripneral biood lymphocytes CPBLs w ) are used if cells of human origin are desired, 
or spleen cells or lymph noae ceiis are used if non-human mammalian sources are desired. The 
lymphocytes are then fused with an immortalized cell line using a suitable fusing agent, such as 
polyethylene glycol, to form a hybridoma cell [Goding, Monoclonal Antibodies: Principles and Practice . 
Academic Press, (1986) pp. 59-103]. Immortalized cell lines are usually transformed mammalian 

31 cells, particularly myeloma cells of rodent bovine and human ongin. Usually, rat or mouse myeloma 
ceil lines are employed. The hybridoma cells may be cultured in a suitable culture medium that 
preferably contains one or more substances that inhibit the growth or survival of the unfused, 
immortalized cells. For exarroie, if the parental cells lack the enzyme hypqxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will 

36 inciude hypoxanthine, aminooterin, and thymidine ("HAT medium"), which substances prevent the 
growth of HGPRT-deficient cells. 
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Preferred immortalized cell lines are those that fuse efficiently, support stable high levei xpression of 
antibody by the selected antibody-producing cells, and are s nsitive to a medium such as HAT 
medium. More preferred immonaiized cell tines are murine myeioma lines, which can be obtained, for 
instance, from the Salk Institute Cell Distribution Center, San Diego, California and the American Type 
Culture Collection, Rockville, Maryland. Human myeioma and mouse-human heteromyeioma ceil 
lines atso have been described for the production of human monoclonal antibodies (Kozbor, J. 
Immunol.. 133:3001 (1984); Brodeur et aL, Monoclonal Antibody Production Techniques and 
Applications , Marcel Dekker, Inc.. New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are cultured can then be assayed for the presence of 
monoclonal antibodies directed against NTR protein. Preferably, the binding specificity of monoclonal 
antibodies produced by the hybridoma cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-iinked immunosorbent assay (ELISA). 
Sucn techniques and assays are known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson and Pollard, Anal. Biochem. . 
107:220(1980). 

After the desired hybridoma ceils are identified, the clones may be subcloned by limiting dilution 
procedures and grown by standard metnods [Goding, supral . Suitable culture media for this purpose 
include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. Alternatively, the 
hybridoma cells may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture 
medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, 
protein a-Sepharose. hydroxyiapatite chromatography, gel electrophoresis, dialysis, or affinity 
chromatography. 

The monocional antibodies may also be made by recombinant DNA methods, such as those described 
in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide probes 
that are capable of binding specifically to genes encoding the heavy and light chains of murine 
antibodies). The hybridoma cells of the invention serve as a preferred source of such DNA. Once 
isolated, the DNA may be placed into exoression vectors, which are then transfected into host cells 
sucn as simian COS cells. Chinese hamster ovary (CHO) ceils, or myeioma cells that ao not otherwise 
produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by substituting the coding sequence for 
human heavy and light chain constant domains in place of the homologous murine sequences [U.S. 
Patent No. 4,816,567; Morrison et ai., suoral or by covaiently joining to the immunoglobulin coding 
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sequence all or part of the coding seauence for a non-immunogiobulin polypeptide. Such a non- 
immunogiobulin polypeptide can be suostituted for the constant domains of an antibody of the 
invention, or can be substituted for the variable domains of one antigen-combining site of an antibody 
of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are welt 
known in the art. For example, one method involves recombinant expression of immunoglobulin light 
chain and modified heavy cnain. The heavy chain is truncated generally at any point in the Fc region 
so as to prevent heavy chain crossiinkinc. Alternatively, the relevant cysteine residues are substituted 
with another amino acid residue or are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to 
produce fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques 
known in the art. 

The anti-NTR protein antibodies of the invention may further comprise humanized antibodies or 
human antibodies. Humanized forms of non-human (e.g., murine) antibodies are chimeric 
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab\ F(ab') 2 or other 
antigen-binding subsequences of antibodies) which contain minimal sequence derived from non- 
human immunoglobulin. Humanized antibodies include human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of the recipient are replaced by 
residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having 
the desired specificity, affinity and capacity. In some instances, Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues. Humanized antibodies may also 
comprise residues which are found neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will comprise substantially all of at least 
one, and typically two, variable domains, in which all or substantially all of the CDR regions 
correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are 
those of a human immunoglobulin consensus sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a human 
immunoglobulin [Jones et al., Nature . 321:522-525 (1986); Riechmann et al., Nature . 332:323-329 
(1988); and Presta, Curr. Op. Struct. Biol. . 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized 
antibody has one or more amino acid residues introduced into it from a source which is non-human. 
These non-human amino acid residues are often referred to as "import" residues, which are typically 
taken from an "import" variable domain. Humanization can be essentially performed following the 
methoa of Winter and co-workers (Jones et al., Nature . 321:522-525 (1986): Riechmann et al., Nature . 
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332:323-327 (1988); Vernoeyen et aL, Science . 239:1534-1536 (1988)], by suDstituting rodent CDRs 
or CDR seauences for the corresoonding sequ nces of a human antibody. Accordingly, such 
"humanized" antibodies are chimenc antibodies (U.S. Patent No. 4,816,567), wherein substantially 
less than an intact human variable comain nas been suostituted by the corresponding sequence from 
a non-human species. In practice, humanized antibodies are typically human antibodies in which 
some CDR residues and possibly some FR residues are substituted by residues from analogous sites 
in rodent antibodies. 



Human antibodies can aiso oe produced using various techniques known in the arc, including phage 
display libranes [Hoogenboom and Winter, J. Moi, Biol. . 227:381 (1991); Marks et aL, J. Moi. Biol.. 
222:581 (1991)]. The techniques of Cole et ai. and Boemer et ai. are also available for the preparation 
of human monoclonal antibodies (Coie et al. t Monoclonal Antibodies and Cancer Therapy . Alan R. 
Liss, p. 77 (1985) and Boemer et al. t J. Immunol. . 147( H :8S-95 (1991)]. Similarly, human antibodies 
can be made by introducing of human immunoglobulin loci into transgenic animais, e.g., mice in which 
the endogenous immunoglobulin genes have been partially or completely inactivated. Upon 
challenge, human antibody production is observed, which closely resembles that seen in humans in all 
respects, including gene rearrangement, assembly, ana antibody repertoire. This approach is 
described, for example, in U.S. Patent Nos. 5,545.807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 
5,661,016, and in the following scientific publications: Marks et aL, Bio/Technoioov 10. 779-783 
(1992); Lonberg era/., Nature 368 856-359 (1994); Morrison, Nature 368. 812-13 (1994); Fishwitd er 
a/. f Nature Biotechnology 14, 845-51 (1996); NeuDerger, Nature Biotechnology 14 826 (1996); 
Lonberg and Huszar, Intern. Rev. Immunol 13 BS-Q3 (1995), 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 
specificities for at least two different antigens. In the present case, one of the binding specificities is 
for the NTR protein, the other one is for any other antigen, and preferably for a celt-surface protein or 
receptor or receptor subunit. 



Methods for making bisoecific antibodies are known in the art Traditionally, the recombinant 
production of bispecific antibodies is based on the co-exoression of two immunoglobulin heavy- 

31 chain/light-chain pairs, wnere the two heavy chains have different specificities [Milstein and Cuello. 

Nature, 305:537-539 (1983)]. Because of the random assortment of immunoglobulin heavy and light 
chains, these hybridomas (auadromas) oroouce a potential mixture often different antibody 
molecules, of which oniy one has the correct bisoecific structure. The purification of the correct 
molecule is usually accomolisned by affinity chromatography steps. Similar procedures are disclosed 

36 in WO 93/08829. publisned 13 May 1993. and in Traunecker er aL. EMBOJ. . 10:3655-3659 (1991). 

Antibody variable domains with the aesireo binding specificities (antibody-antigen combining sites) can 



64 



WO 00/5R352 



PCT/US00/08566 



1 be fused to immunogtooulin constant domain sequences. The fusion preferably is with an 

immunoglobulin heavy-chain constant domain, comprising at least part of the hinge, CH2. and CH3 
regions. It is preferred to have the first heavy-chain constant region (CH1 ) containing the site 
necessary for light-chain binding present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy-cnain fusions and, if desired, the immunoglobulin light chain, are inserted into 

6 separate expression vectors, and are co-transfected into a suitable host organism. For further details 
of generating bispecific antibodies see, for example, Suresh et al. t Methods in £nzvmoioov . 121:210 
(1986). 

Heteroconjugate antibodies are aiso within the scope of the present invention. Heteroconjugate 
1 1 antibodies are composed of two ccvaiently joined antibodies. Such antibodies have, for example, 

been proposed to target immune system ceils to unwanted cells [U.S. Patent No. 4,676,980], and for 
treatment of HIV infection [WO 91/00360; WO 92/200373; EP 03089]. It is contemplated that the 
antibodies may be prepared in vitro using known methods in synthetic protein chemistry, including 
those involving crossiinking agents. For example, immunotoxins may be constructed using a disulfide 
16 exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose 
include iminothioiate and methyW-mercapiobutynmidate and those disclosed, for example, in U.S. 
Patent No. 4,676,980. 



The anti-NTR protein antibodies of the invention have various utilities. For example, anti-NTR protein 
21 antibodies may be used in diagnostic assays for a NTR protein, e.g., detecting its expression in 

specific cells or tissues etc. Various diagnostic assay techniques known in the art may be used, such 
as competitive binding assays, direct or indirect sandwich assays and immunoprecipitation assays 
conducted in either heterogeneous or homogeneous phases [Zola, Monoclonal Antibodies: a Manual 
of Techniques. CRC Press, Inc. (1987) pp. 147-158]. The antibodies used in the diagnostic assays 
26 can be labeled with a detectable moiety. The detectable moiety should be capable of producing, either 
directly or indirectly, a detectable signal. Fcr example, the detectable moiety may be a radioisotope, 
such as 3 H, U C, K P, ^S, or 126 i, a fluorescent or chemiiuminescent compound, such as fluorescein 
isothiocyanate, rhodamine, or luciferin, or an enzyme, such as alkaline pnosphatase, beta- 
gaiactosidase or horseradish peroxidase. Any method known in the art for conjugating the antibody to 
31 the detectable moiety may be employed, including those methods described by Hunter et aL, Nature. 
144:945 (1962); David et aL, Biochemistry . 13:1014 (1974); Pain et ai., J. Immunol. Meth. , 40:219 
(1981); and Nygren, J. Histocnem. and Cvtocnem 30:407 (1982). 

AntnBtrxh or anti-NTR protein antibodies aiso are useful for the affinity purification of BTRX/j or NTR 
36 protein from recombinant ceil culture or natural sources. In this process, the antibodies against NTR 
protein are immobilized on a suitable support, such a Seonadex resin or filter paper, using methods 
well known in the art. The immobilized antiDody then is contacted with a sample containing the 
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1 BTRX/7 or NTR protein to be purified, and thereafter the support is wasned with a suitable soivent that 
will remove substantially all the material in the sample except the BTRX/7 or NTR protein, which is 
bound to the immobilized antibody. Finally, the support is washea with anotner suitable soivent that 
will release the BTRXn or NTR protein from the antiboay. 

6 III. Use of Plants Expressing Elevated Levels of Thioredoxin and/or NTR 

In one embodiment, the transgene protein, for example BTRX/7 or NTR transgene expressed in plants 
(see for example USSN 60/126,736), especially seeds cr grains, using the methods described herein, 
is used in the production and synthesis of BTRXn or NTR. The BTRX/7 or NTR transgene expressed 
by the recombinant nucleic acid of the invention may be harvested at any point after expression of the 

1 1 protein has commenced. When harvesting from the seed or grain or other part of a plant for example, 
it is not necessary for the seed or grain or other part of the plant to have undergone maturation prior to 
harvesting. For example, transgene expression may occur prior to seed or grain maturation or may 
reach optimal levels prior to seed or grain maturation. The transgene protein may be isolated from the 
seeds or grain, if desired, by conventional protein purification methods. For example, the seed or 

16 grain can be milled, then extracted with an aqueous or organic extraction medium, followed by 

purification of the extracted thioredoxin protein. Alternatively, depending on the nature of the intended 
use, the transgene protein may be partially purified, or the seed or grain may oe used directly without 
purification of the transgene protein for food processing or other purposes. 

21 The overexpression of the BTRXn or NTR either alone or, preferably in combination, in a seed of grain 
increases the redox status (SH:SS ratio) of the seed or grain. The combination can be achieved by, 
for example, breeding plants individually transformed with either BTRXh or NTR, co-transformation 
with BTRX/7 and NTR expression vectors, or by mixing the products of the individually transformed 
plants, in a preferred embodiment, the transgenic seed or grains of the invention find use in the 

26 production of food or feed products with increased digestibility, aecreased aliergenicity. a redistribution 
of the protein of a seed or grain to the more soluble faction. 

For exampie, the addition of thioredoxin promotes the formation of a protein network that produces 
flour with enhanced baking quality. Kobrehel era/., (1994) have shown that the addition of thioredoxin 
31 to flour of non-giutenous cereal such as rice, maize, and sorghum promotes the formation of a dough- 
like product. Accordingly, the addition of thioredoxin expressed in seeds using the methods described 
herein find use in the production of flour witn improved baking quality such as increased strength 
and/or volume. 

36 The enhanced expression of thioredoxin aiso produces a seed having an altered biochemical 

composition. For example, ennanced thioredoxin expression produces seed with increased enzymatic 
activity, such as, increased pullulanase and aipna-amyiase A. Enhanced thioredoxin expression also 
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1 produces seed with early alpha-amyiase B activation. Pullulanase ("debranching enzyme") is an 

enzyme that breaks down branched starch of the endosperm of cereal seeds by hydrolytically cleaving 
alpha-1 ,6 bonds. Alpha-amyiases break down starch 1-4 linkages. Pullulanase and amylases are 
enzymes fundamental to the brewing and baking industries. Pullulanase and amylases are required to 
break down starch in malting and in certain baking procedures earned out in the absence of added 
6 sugars or other carbohydrates. Obtaining aaequate activity of these enzymes is problematic 

especially in the malting industry. It has been known for some time that dithiothreitol (DTT, a chemical 
reductant that reauces ana sometimes replaces thioredoxin) activates pullulanase of cereal 
preparations (e.g., barley, oat, and rice flours). A method of adequately increasing the activity of 
pullulanase and alpha-arhVlase A and shortening the activation time of alpha-amyiase B with a 
1 1 physiologically acceptable system, leads to more rapid malting methods and, owing to increased sugar 
availability, to alcoholic beverages such as beers with reduced carbohydrate content 

Accordingly, seeds or grains with enhanced thioredoxin expression provide advantages in the 
production of malt and beverages produced by a fermentation process. Enhanced pullulanase and 

16 alpha-amyiase A and earlier induction of alpha-amytase B in grain increases the speed and efficiency 
of germination, important in malting, where malt is produced having increased enzymatic activity 
resulting in enhanced hydrolysis of starch to fermentable carbohydrates, thereby, improving the 
efficiency of fermentation in the production of alcoholic beverages, for example, beer and scotch 
whiskey. Early alpha-amyiase B activation would reduce the total time for malting by about 20%. 

21 Enhanced fermentation processes also find use in the production of alcohols that are not intended for 
human consumption, i.e., industrial alcohols. 

In another embodiment, seed or grains with enhanced thioredoxin expression provide advantages in 
ennancing the onset and efficiency of germination. 

26 

The overexpression of thioredoxin in seed or grains results in an increase in the total protein. It also 
promotes the redistribution of proteins to the most soluble albumin/globulin fraction and the production 
of flour and other food products, feed, and beverages with improved digestibility in comparison to 
edible products made from non-transformed grains. Such edible proaucts find use in amelioration and 

31 treatment of food malabsorptive syndromes, for example, sprue or catarrhal dysentery. Sprue is a 
malabsorptive syndrome affecting both children and adults, precipitated by the ingestion of gluten- 
containing foods. Edible proaucts that are more readily digested and readily absorbed avoid or 
ameliorate the disease symptoms. Edible products with improved digestibility aiso ameliorate or 
reduce symptoms associated with ceiiac disease in which storage proteins that are not readily 

36 digested in afflicted individuals resutt in inflammation of the Gl tract. 

The expression of thioredoxin in seed grains results in the oroduction of foods and other edible 
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1 products with reduced allergenicity in comparison to edible products made from non-transformed 

grains. Food allergies are a significant health and nutrition problem (Lehrer et a/., 1996). Up to 2% of 
adults and 8% of children nave a food allergy causing senous symptoms including death. Wheat 
protein is one of the principal allergens. Food allergies are defined by the American academy of 
Allergy and Immunology Committee on Adverse Reactions to Food as "an immunological reaction 
6. resulting from the ingestion of a food or a food additive" (Fenema, 1996; Lasztity, 1996). Most true 
allergic responses to food proteins appear to be caused by a type-! immunogiobuiin E (IgE)-mediated 
hypersensitivity reaction (Sicherer, 1999). These responses may occur within minutes or a few hours 
after eating the offending food (Funong-Munoz, 1996). When the offending food is ingested by 
allergy-sensitive individuals the body releases histamines and other biochemicals. resulting in itchy 

1 1 eyes, rash or hives; runny nose; swelling of the lips, tongue, and face; itching or tightness of the throat; 
abdominal pain; nausea; diarrhea; and shortness of breath. Some individuals have severe, 
anaphylactic reactions, resulting in approximately 135 deaths per year in the United States. In the 
U.S. over 2,500 emergency rooms visits per year are allergy-related. There is no cure for food 
allergies, only avoidance of the food will prevent symptoms. For example, patents with wheat allergy 

16 must avoid wheat- or gluten-containing foods; wheat gluten is a very common ingredient in many 
processed foods (Marx er aL % 2000). 

A feature common to many allergens is the presence of one or more disulfide bonds that contribute to 
the resistance of allergens to digestion (Astwood et a/., 1996), allowing them to be mostly intact when 
21 they react the small intestine where they are presentea to mucosal cells that mount an IgE immune 
response. The major allergens were found to be insoluble storage proteins, giiadins and glutenins. 
The soluble storage proteins, albumins ana globulins were considerably weaker (Buchanan et a/., 
1997). Allergenicity of these proteins is substantially aecreased after thioredoxin treatment and 
disulfide bond reduction. 

26 

Edible products, for example, bread, cookies, dough, thicKeners, beverages, malt, pasta, food 
additives, including animal feeds, maae using the transgenic plants or parts of a transgenic plant of the 
invention have decreased allergenicity and accordingly can be used to in the treatment of an allergic 
response. By "treatment" or "alleviating" symptoms nerein is meant prevention or decreasing the 
31 probability of symptoms. 

Increased digestibility of seeds or grains also provides wider consumption of grams by man and 
animals who otherwise can not consume such grains. For example, sorgnum is the world's fifth 
leading grain in terms of metric tons after wheat, rice, maize, and baney and third in production in the 
36 Untied States after maize and wheat. The use of sorghum is constrained in part because of the 
difficulty associated witn the digestibility of its protein ana starcn compared to otner grains. This 
difficulty with the digestibility of sorghum protein ano starch nas to do with the structure of the seed 
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1 and the manner in which the proteins are associated with the starch. The digestibility of the starch 
flour from sorghum cultivars is 15-25% lower in digestibility than, for example, maize. Perhaps more 
notable is the fact that, unlike other grains, the indigestibility of unprocessed sorghum flour increases 
dramatically after boiling in water, a common practice in Africa. A study with human subjects showed 
that protein digestibility in cooked sorghum porridge can be as low as 46%, whereas the percent 

6 digestibility for cooked wneat, maize, and rice was 81%, 73%, and 66% respectively (Mertz et ai 

1984, MacLean et ai 1981). Exogenous addition of reducing agents increases the digestibility of the 
starch (Hamaker et ai 1987). However, the efficacy of manipulating the thioredoxin system in vivo in 
the seed by expressing increased amounts of thioredoxin in a manner which does not adversely affect 
plant development or morphology had net previously been demonstrated. Accordingly, the transgenic 

1 1 plants of the invention provide wider use of seeds or grains as food sources by increasing the 

digestibility of the starch and/or protein component. The transgenic seeds or grains of the present 
invention also provide the advantage of increasing the digestibility of food products for human and 
feed for animals made of these grains without the addition of exogenous reducing agents. In addition, 
the increased digestibility results in greater utilization of the food or feed, i.e., a human or animal 

16 consuming an edible product comprising a transgenic seed or grain of the invention or an extract 

thereof more efficiently absorbs nutrients and therefore requires to consume less in comparison to a 
non-transgenic food product. In another embodiment the transgenic seed, grain or extracts thereof of 
the present invention and extracts or food products thereof are used as a food or feed additives. For 
example, an extract or fiour or malt produced from a transgenic seed or grain of the invention is added 

21 to a non-transgenic food or feed product to improve the digestibility or decrease the allergenicity of the 
nontransgenic food product or to improve the quality of the total food product, such as, by increasing 
the strength and/or volume of the food product. 

Illustrative embodiments of the invention are described below, 

26 

EXAMPLES 

Example 1 
Bariev Gene for Thioredoxin h 
Barley thioredoxin h was cloned using PCR with pnmers derived from the known sequences of two 
31 thioredoxin h wheat genes (Gautier et a/.. 1998). When these two sequences were compared, 

conserved amino acia regions were found. The following pnmers were prepared that hybridized to 
these regions: 

wtrh4: 5'-CCAAGAAGTTCCCAGCGTC-3' (SEQ ID NO:7) 

36 wtrh2R 5*-CACGCGGCGGCCCAGTAA-3' (SEQ ID NO:8). 

These primers were used in an amplification reaction essentially as described by Sambrook etai. 
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(1989) A scutellum barley (Horaeum vulgare L) cDNA library was usea as template. The resultant 
PCR product, corresponding to pan or trie barley thioreaoxin h sequence hignly homologous to the 
wheat cDNAs (Figure 2), was gei-purified using QIAquick Gel extraction kit (Quiagen. UK) and 
sequenced using an automated secuencer (Perken Eimsr. CA. USA). This amplification product was 
then used to build a gene-specific probe according to a random pnmmg protocol (Promega, Madison, 
Wl. USA) using M P-dCTP. The synthesized proDe was purified with a TE Midi Seiect-D, 650 coiumn (5 
Prime-3 Prime. Inc., CO, USA), ana used to screen the bariey scutellum AZapll cDNA library. Plaques 
were transferred onto nitrocellulose filters (NitroPure, MSI. Westboro, MA, USA) by standard methods 
(Sambrook et at.. 1989). The DNA was fixed onto the filters using a Stratalinker UV crosslinking 
apparatus (Stratagene. La Jolla. CA. USA) and prehybridized for 3.5 hours at 55'C in a MKII Mini 
Oven^Hybaid, Woodridge, NJ, USA) using a solution containing 6 x SSC, 10mM EDTA, 5X Denhardfs 
solution. 0.5% SDS and 100 ug/ml of boiled calf thymus DNA (Sambrook er a/., 1989). Hybridization 
was carried out at 68°C for 15 hours with 30 ul of the barley thioredoxin h probe-solution per 
hybridization. Blots were washed twice in 2 x SSC, 0."!% SDS at room temperature for 30 minutes, 
twice in 1 x SSC. 0.1% SDS at 65°C for 30 minutes, and once in 0.1 x SSC, 0.1% SDS, then exposed 
16 to X-ray film at -70°C with two intensifying screens for 1 8 hours. 

Hybridizing plaques were isolated separately using a Pasteur pipette and resuspended in 500 ul SM 
(Samorook er a/.. 1989) with 20 pi chloroform in an Eppenaorf tube. The samples were then vortexed 
for two minutes and stored at 4°C overnight. The phage suspension was diluted so that approximately 

21 100 plaques were contained on each 100 mm plate (one cored piaque in 1 ml SM buffer represents 

about 0.1 0 6 pfu (plaque forming unitts); Lambda Zapll Library instruction Manual, Stratagene, La Jolla, 
CA). Two positive clones per 20.000 plaque-forming units (pfu) were found. After a second screening 
purification, the size of the insert in tne positive clones was oetermined using the T3 and T7 primers 
which hybridize to the extremities of the A Zapll poiylinker site. Two 1 .5 Kb fragments were obtained. 

26 Sequencing revealed that these two clones contained the same full-length thioredoxin h cDNA.. 

The full-length barley thioredoxin n cDNA is 369 bp (Figure 2) and encodes a protein of MW 13,165 
Daltons (Figure 1) with a theoretical pi of 5.12. It shares homology with the Arabidopsis and wheat 
thioredoxin h cDNAs. but is unique in its nucteic and amino acid sequences. The putative 
corresponding amino acid sequence contains the conseived thioredoxin active site (Figure 1 ). The 
barley amino acid and cDNA sequences are homologous to known wneat thioreaoxins h sequences 
(Figures 1 and 2). Nevertheless, the alanine ennched amino-terminal region is snorter in the barley 
thioredoxin h (by 5 amino acids compared to P TaM1338 (accession numoer X69915) and by 8 amino 
acids compared to pTd14132 (accession numoer AJ001 903) (Figure 1)). 
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Exampie 2 

Nucleotide Sequence of a cHNA Encodinc ar. NiA Q P - hiorpnnyin p eduetase , NTR ^ 
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from Bariev (Hortfeum vutaare L.) 
A cDNA library from barley (Hordeum vulgare L, cv. Himalaya) scutelium tissues was constructed by 
in k Zap il (Stratagene, La Joiia, CA) from poly(A)+ RNA. The cDNA library was screened by PGR 
using a set of degenerate primers. mRNTR2 (5 -7TCTTCGCSATCGGMCAYGARCC-3'; SEQ ID 
NO:13) plus mRNTR5R (S'-GCGTCSARRGCRGCCATGCASCC-S'; SEQ ID N0:14). producing the 
internal 201 -bp fragment It was re-screeneo using a set of primers, MPNTR7 
(5-ACSACSACSACSGACGTSGARAA-3'; SEQ ID NO:15) plus BNTR9R 

(5-ACTGGTATGTGTAGAGCCC-3'; SEQ ID NO:16), producing the internal 693-bp fragment (Figure 
3). The sequences of 5'- and 3'-cDNA enas with cDNA library were obtained by PCR using primer 
sets, T3 (5-AATTAACCCTCACTAAAGGG-3'; SEQ ID NO: 17) plus ENTR12R (5'- 
AAGTTCTCGACGTCGGTGGTG-3'; SEQ ID NO:18) and M13R (S'-CAGGAAACAGCTATGACO 1 ; 
SEQ ID NO:19) plus BNTR10 (5'-ATTATGCAGGCTAGGGCGCTC-3'; SEQ ID NO:20), respectively. A 
fulWengtn bartey scutelium NTR cDNA clone was amplified by PCR using a primer set, BNTR22 (5- 
TATCTAGAATGGAGGGATCCGCCGCGGCGC-3'; SEQ ID NO:21) plus BNTR23R (5- 
TTGGTAC CTCAATC AG ACTTG CCCAC CTGT-3 ' ; SEQ ID NO:22), was subcloned into the 
pAct1INosKmf(-) vecxor at the Xba\-Kpn\ sites and the PCR-amplified NTR sequence was then 
identified by DNA sequencing analysis. 

The bariey scutelium NTR cDNA cione has an open reading frame (ORF) of 332 amino adds (SEQ ID 
NO:23) (Figure 5A-B; Table 1 ). The calculated moiecuiar weight determined for the translation product 
of that ORF was 34,900 daltons and the predicted PI is S.C3 (Table 1 ). The barley scutelium deduced 
amino acid sequence has 71% similarity with the A. thaliana NTR (SEQ ID NO:24) and 39% with £ 
co// NTR (SEQ ID NO:25) (Figure 4B) using the CLUSTAL-V method set at default parameters 
(Higgins and Sharp. (1989) Com put. AppL Biosci., 5(2): 151-1 53). A gene tree analysis suggested that 
the sequence of H. vutgare NTR is more closely related to that of A. thaliana NTR than £ co// NTR 
(Figure 4C). 

Figures 5A and 5B show the nucleotide sequence of the bariey scutelium NTR (SEQ ID NO:10) 
isolated from a cDNA library. At the nucleotide level. H. vulgare NTR shows 58% similarity to A. 
thaliana NTR (SEQ ID NO:26) and 41% to £ coli NTR (SEQ ID NO:27) (Figure 5C) as determined by 
CLUSTAL-V default parameters. Shaded residues in Figure 5B indicate nucleotide sequences 
conserved in all three NTR genes from H. vutgare, A. thaliana and £ coli. 

Table i . Predicted Structural Class cf the Wnole Protein: Alpna Del6age & Roux Modification of 
Nishikawa and Ooi (1987) 
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Whole Protein 


Molecular Weight 


34899.50 raw. 


Lengtn j 332 
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1 microgram = 


28.654 pMoies 


Moiar Extinction Coefficient 


27910 ±5% 


1 A(280) 


1 .25 mg/mi 


Isoelectric Point 


6.03 


. Charge ay oH 7 






4.05 




Whole Protein Composition Analysis: 


Amino Acid(s) 


Numoer Count 


% by Weight 


% by Frequency 


Charged (R. K. H. Y, C. D, E) 


. 81 


31.07 


24.40 


Acidic (D. E) 


33 


11.53 


9.94 


Basic (K, R) 


28 


11,57 


8.43 


Polar (N, C, Q. S. T, Y) 


80 


25.05 


24.10 


Hydrophobic (A, I, L. F. W. V) 


127 


36.67 


38.25 


A Ala 


44 


8.96 






13.25 


C Cys 


5 


1.48 






1.51 


D Asp 


17 


5.61 






5.12 


EGlu 


16 


5.92 






4.82 


FPhe 


14 


5.90 






4.22 


GGly 


37 


6.05 






11.14 


H His 


7 


2.75 






2.11 


i lie 


17 


5.51 






5.12 


KLys 


12 


4.41 






3.61 


L Leu 


19 


6.16 






5.72 


MMet 




2.63 






2.11 


N Asn 


11 


3.60 






3.31 


P Pro 


12 


3.34 






3.61 


Q Gin 


11 


4.04 






3.31 


R Arg 


16 


7.16 






4.82 


S Ser 


21 


5.24 






6.33 


TThr 


24 


6.95 






7.23 


VVal 


30 


8.52 






9.04 


WTrp 


3 


1.60 






0.90 


YTyr 


8 


3.74 






2.41 


B Asx 


0 


0.00 






0.00 


ZGIx 




0.37 






0.30 


X Xxx 


0 


0,00 






0.00 
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Example 3 

Expression of Wheat thioredoxin h (WTRXhl in Transgenic Bariev 
6 Four different DNA constructs were produced, each containing a 384-bp wtrxh fragment encoding the 
13.5-KDa WTRXh protein. The four constructs are illustrated in Figure 6 and described below. Each 
construct comprised the 384-bp wtrxh fragment operabiy linked to a seed-specific promoter (either the 
barley endosperm-specific D-hordein or B1-hordein promoters or the maize embryo-specific globulin 
promoter). An additional construct comprised the 384-bp wtrxh fragment operabiy linked to the 

1 1 B1-hordein promoter and the B1-horaein signal sequence (Figure 6). The transformation vector used 
included the bar gene, conferring resistance to bialaphos. Twenty-eight independent regenerate 
barley lines were obtained after bialaphos selection and all were PCR-positive for the bar gene. The 
presence of the wtrxh gene was confirmed in the genome of the 28 independent lines by PCR and 
DNA hybridization analyses. The expression of the WTRXh protein was assessed by western blot 

16 analysis, using purified wheat thioredoxin as a control. The WTRXh expressed in transgenic barley 

had a molecular mass that differed from native barley TRXh but was identical to WTRXh. The WTRXh 
was found to be highly expressed in developing and mature seed of transgenic barley plants although 
levels of expression varied among the transgenic events. On average, higher expression levels were 
observed in lines transformed with the DNA construct containing the B1-hordein promoter plus the 

21 signal peptide sequence than the same promoter without the signal peptide sequence. The WTRXh 
purified from transgenic barley seed was confirmed to be biochemically active. 

A. Materials and Methods 

Plant Materials for Transformation 
26 A two-rowed spring cultivar of barley. Golden Promise, was grown in growth chambers as aescribed 
previously (Wan and Lemaux 1994; Lemaux et a/., 1996). 

Construction of Wheat Thioredoxin h Expression Vectors and DNA Sequencing 
Expression vectors were constructed containing the wheat thioredoxin h gene (wtrxh) driven by the 
31 barley endosperm-specific Bl- or D-hordein promoter or the maize embryo-specific globulin promoter. 
The Diasmids were constructed as follows. 

(1) pDhWTRXN-2: A 384-bp wtrxh coding region was amplified by PCR from pTaM13.38 (Gautier et 
ai, 1998). This ptasmid contained a cDNA of wtrxh t which was used as a template, creating Xbal and 
Sad sites with the following primers Wtrxh 1 (S'-atatctaqa ATGGCGGCGTCGGCGGCGA ^ (SEQ ID 
36 NO:28) and Wtrxh2R (S'-ataoaoctc TTACTG G G C C GC GTGT AG ^ (SEQ ID NO:29), respectively (Figure 
6). Small letters in the pnmer denote a restnciion enzyme site for suocloning of the DNA fragment 
containing the wtrxh gene; underlined letters aenote wtrxh sequences. Th ATG initiation codon for 
wtrxh expression was included in the Wtrxh 1 pnmer. PCR reactions were performed on a thermocycier 
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i (MJ Research Inc., Watertown. MA) using recombinant Taa DNA polymerase (Promega. Madison. Wl) 
in a 100-pl reaction volume. The reaction buffer contained 10 mM Tris-HC! (pH 9.0), 50 mM KCi, 1.5 
mM MgCU, 0.1% Triton-X-100. and 50 uM of each deoxyribonucieoside triphosphate. PCR conditions 
utilized 25 cycles of 94°C for 1 min. 55°C for 1 mtn and 72°C for 2 min, with a final extension step at 
72°C for 7 mm. The wtrxh fragment, which was amplified with the pnmers Wtrxhl and Wtrxh2R, was 
6 purified from a 0.7% agarose gei using a QIAquick® gel extraction kit (Qiagen Inc., Chatsworth. CA), 
digested with Xbai and Saci and ligated into Xbal/Saci-aigested pUC19 to generate the DVVTRXh-1 
piasmid. Nucleotide sequences of tne PCR-ampiified wtrxh coding region fragment were determined by 
the dideoxynucieotide chain termination method using Sequenase according to manufacturer's 
instructions (United States Biochemical. Cleveland. OH) with double-stranded piasmid templates and 
1 1 regulany spaced primers 



pDhWTRXN-2 was made by replacing the uidA gene in pDhGN-2 (containing barley 
endosperm-sDecific D-hordein promoter (Figure 12) and nos 3* terminator) with the Xbal/Sacl fragment 
containing the wtrxh coding sequence from pWTRXh- 1, which contains the PCR-ampiified wtrxh 

16 coding sequence in pUC19. To construct pDhGN-2, a 0.4-kb D-horaein promoter was amplified by 

PCR from pDIUHor3 (Sarenson er a/., 1989. 1996; Cho et a/., 1999a). This piasmid contained the D- 
hordein promoter sequence, which was used as a template, creating Sph\ and Xbal sites with the 
following primers: Dhorl (fr-ggcgcatgcgaattc GAATTCGATATCGATCTTCGA -J) (SEQ ID NO:30) and 
Dhor2 (5'-aactctaqa CTCGGTGGACTGTCAATG -3^ (SEQ ID NO:31) f respectively. 

21 Small letters in the primers contain restriction enzyme sites for subcioning of the DNA fragment 
containing the D-hordein promtoen underlined letters denote D-hordein promoter sequences. The 
PCR amplified D-hordein promoter fragment was digested with Spnl and Xbal and reoalced with the 
cauliflower mosaic 35S (CaMV 35S) promoter in p35SGN-3 to generate the pDhGN-2 piasmid. 
P35SGN-3 was made by ligating the 3.0-kb Sph\-EcoR\ fragment containing the CaMV 35S promoter, 

26 uidA (beta-glucuroniaase, gus) gene and nos into the Sprtl/EcoRI-digested pUC1S. 

(2) pdBhWTRX-1 : The construction of pdBhWTRXN-1 started by using pBhWTRXN-1 . pBhWTRXN-1 
was made by replacing the uidA gene in pBhGN-1 , which contains uidA driven by the barley 
endosperm-specific B1-horaein promoter and terminated by the nos 2' terminator, with the Xbal/Sacl 
fragment from pWTRXh-1 t which contains the wtrxh coding sequence. The 120-bp Hindlll-5' 
B1-hordem flanking region was deleted from the DBhWTRXN-1 and reiigated to make tne 
pdBhWTRXN-1 construct. 

(3) DdBhssWTRXN3-8: Primers Bhor7 fS'-GTAAAGCITTAACAACCCACACATTG) (SEQ ID NO:7) and 
36 BhorWtrxhlR (5'-CCGACGCCGCTGCAATCGTACTTGTTGCCGCAAT) (SEQ ID NO:8) containing 

Hindlll and Acyl sites, respectively, were used for amplification of a 0.49-kb B1-hordein 5'-region, 
wnich included the Bi-hordein signal peptide seauence (Figure 11). A A2-4/Hindlll piasmid containing a 
genomic cione of Bvhoroein (Brandt et a/., 1985: Cho and Lemaux. 1997) was used as a temoiate for 
the amoiification. The onmer BhorWtrxhlR is an overtappmg primer, whicn contains the wtrxh coding 
41 seguence (underlined) anc a partial signal peotide seauence from the B1-horde.n promoter, but lacks 
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the ATG initiation coaon for wtrxh. pdBhssWTRXN3-8 was made by replacing the D-horaem promoter 
(Figure 6) in pDhWTRXN-2 with the 0.49-kb PCR-ampiified Hindlll/Acyl fragment, which contains tne 
Bl-hordein promoter, its signal peptide seauence and tne junction region from the 5* trxh gene. Thus, 
construct odBhssWTRXN3-8 contains the bariey enaosperm-specific B1-horaein promoter with its 
signal peptide sequence (Figure 6). wtrxn ,and nos (Figure 6). The signal peptide sequence containing 
the ATG initiation coaon was directly combinea with the sequence of winch, with no extra amino acid 
seauences oeing introduced between the two. This ensures that the WTRXh protein has a precise 
cleavage site in the lumen of the endoplasmic reticulum (ER). The authenticity of a PCR-amplified 
fragment from the cnimenc product was confirmed by DNA sequencing. 

(4) pGlb1WTRXN-1: The 1.42-kb Hindlll/BamHi fragment containing the maize embryo-specific 
globulin promoter from the ppGlblGUS plasmid (Liu and Kriz, 1996) was ligated into pBluescript II 
KS(+) to create Hindlll and Xbal sites. pGlbWTRXN-1 was made by restricting pDhWTRXN-2 with 
Hindlli and Xbal in order to remove the 0.4S-kb Hindill/Xbal barley D-hordein promoter from the 
pDhWTRXN-2. In place of the 0.49-kb Hindill/Xbal D-hordein promoter fragment (Figure 6), the 
1.42-kb Hindlll/.Xbal maize globuiin promoter was ligated into the Hindill/Xbal digested pDhWTRXN-2 
to form tne pGlbWTRXN-1 plasmid. 

Stable Bariev Transformation 

Stable transgenic lines of barley expressing WTRXh driven by the Bl-hordein promoter with and 
without the signal peptide sequence (Figure 11), by the D-hordein promoter (Figure 12) and by the 
maize globulin promoter were obtained following modifications of published protocols (Wan and 
Lemaux 1994; Lemaux et a/., 1996; Cho et a/.. I998a-c). Whole immature embryos (IEs) ( 1.0-2.5 mm) 
were aseptically removed, placed scutelJum-side down on DC callus-induction medium containing 2.5 
mg/L 2,4-D and 5 pM CuSO, (Cho et a/., 1998a-c). One day after incubation at 24±1°C in tne dark, 
the IEs were transferred scutellunvside up to DC medium containing equimoiar amounts of mannitol 
and soroito! to give a final concentration of 0.4 M. Four hours after treatment with the osmoticum, the 
IEs were used for bombardment. Gold panicles (1.0 Mm) were coated with 25 M9 of a 1:1 molar ratio of 
pAHC20 (Christensen and Guail, 1996) ana one of the following plasmids, pd Bh WTRXN- 1, 
pdBhssWTRXN3-8, pDhWTRXN-2 ana pG1bWTRXN-1 . The mi era projectiles were bomDarded-using a 
PDS-1000 He biolistic aevice (Bio-Rad. Inc.. Hercuies, CA) at 1100 psi. Bombaraed IEs were selected 
on DC medium with 5 mg/L bialaphos for 2 to 3 months. Bialaphos-resistant callus was transferred 
onto an intermediate cuitunng medium (DBC2; Cho er aL. 1998a-c), containing 2.5 mg/L 2,4-D, 0.1 
mg/L BAP and 5.0 uM CuS04 : between the selection [DC medium pius biaiapnos (Meiji Seika Kaisha, 
Ltd.. Yokohama. Japan)] and regeneration (FHG medium; Hunter, 1988) steps. The cuitunng after 
callus induction and selection on DC medium were carriea out under dim light conditions 
(approximately 10 to 30 uE, 16 h-light) (Cho er a/., I998a-c). Regenerated shoots were transferred to 
Mag nta boxes containing rooting medium (callus-induction medium without pnytonormones) 
containing 3 mg/L bialaonos. When shoots reacned the top of the oox, piantlets were transferred to 
soil in tne gre nnouse. 
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■ CytoioQtcai Analysts 

For cytoiogical analysis of transgenic Darley plants, healthy root menstems w re collected from young 
plants grown in the greennouse. After pre-treatment at 4°C in saturated 1-bromonaphthalene solution 
overnignt. root menstems were fixed in 1 ;2 glacial acetic acid:ethanol and stored at 4°C. Root 
menstems were hydroiyzed tn 1 M HCI at 6C° C for 5-7 min. stained in Feulgen solution ana sauashed 

6 on a glass slide in a drop or 1% aceto-carmine. Chromosomes were counted from at least five 
welt-spread cells oer plant. 

Herbicide Application 

To determine herbicide sensitivity of T 0 plants and their progeny, a section of leaf biaae at the 4- to 
11 5-leaf stage was painted using a cotton swab with 0.25% (v/v) Bast2™ solution (starting concentration 
200 g/L phophinothricin. Hoechst AG. Frankfurt. Germany) plus C.1% Tween 20. Plants were scored 1 
week after herbicide application. 

Polymerase Chain Reaction fPCR) and DNA Blot Hybridization 
16 Total genomic DNA from leaf tissues was purified as aescribed by Dellaporta (1993). To test for the 
presence of wtrxh in genomic DNA of Dutativeiy transformed lines, 250 ng of genomic DNA was 
amplified by PGR using one of two primer sets: 

Set 1: 

21 WtrxM (5-ATATCTAGAATGGCGGCGTCGGCGGCGA) {SEQ ID NO:28) and 
Wtrxh2R ( 5'- ATAG AG CTCTTACTGGG C C GC GTGTAG ) (SEQ ID NO:29); or 

Set 2: 

Wtrxn4 (5-CCAAGAAGTTCCCAGCTGC) (SEQ ID NO:32) and 
26 Wtrxh5R (5-ATAGCTGCGACAACCCTGTCCTT) (SEQ ID NC:33). 

The presence of bar was determined using the primer set: 

BAR5F (5'-CATCGAGACAAGCACGGTCAACTTC3') (SEQ ID NO:34) and 

BAR1R (5-ATATCCGAGCGCCTCGTGCATGCG) (SEQ ID NO:35) (Lemaux etaL 1996). 

31 

Amplifications were performed with Taq DNA polymerase (Promega. Madison. Wl) in a 25-ul reaction 
(Cho et a/., 1998a-c). Twenty-five microliters of the PGR proauct with loading dye were subjected to 
electrophoresis in a 1.0% agarose gel with ethidium bromide ana pnotographed using exposure to UV 
iight. Presence of 0.4- and 0.14-kb fragments was consistent with intact and truncated wtrxh 
36 fragments. resDectively; an internal 0.34-Kb fragment was proauced from the oar gene with bar 
pnrners. Homozygous lines for wtrxh were screened oy PCR and western blot analysis in T : or T 3 
plants. 

For DNA hybridization analysis, 10 ng of totai genomic DNA from leaf tissue of each line was digested 
41 with Hindlll and Sacl. separat a on a 1.0% agarose gel. transferrea to Zeta-Probe GT membrane 
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1 (Bio-Rad. Hercules, CA) and hybnaizeo with a radiolabeled ivrrxri-specific orobe following the 

manufacturer's instructions. The wrrxft-contatning 0.4 kb Xbal-Sacl fragment from pDhWTRXN-9 was 
purified by QIAEX gel extraction kit (QIAGEN. Chatsworth, CA) and labeied with - 2 P-dCTP using 
random pnmers 

6 Western Blot Analysis 

Western blot analysis was performed on seeds from selected transgenic lines as well as from control 
barley seeds from non-transgenic Golaen Promise grown under the same conditions as the transgenic 
plants and from control wheat seeds of a durum wheat cultivar. cv. Monroe, or a bread wneat cultivar 
cv. Capitaie. Whole seeds were ground to a fine powder with a mortar and pestle under liquid nitrogen. 

1 1 Ten to 20 seeos were used for each sample: the volume of extraction buffer (50 mM Tris HCI or 

phosphate buffer, pH 7.8. 0.5 mM pnenyimethyl suifonyl fluoride [PMSF]. 1 mM EDTA) varied from 2 to 
4 ml depending on the number of seeds used and the viscosity of the extract. Grinding was continued 
for an additional minute after buffer addition; the mixture was then centrifuged at 14.000xg for 10 
minutes and the supernatant solution was saved as the albumin-globuiin fraction that contained the 

16 thioredoxin. 



SDS-PAGE of the albumin-globulin fraction was performed in 12-17% poiyacrylamide gradient gels at 
pH 8.5 (Laemmli. 1970). From each sample equai amounts of protein (-40 pg) quantitated according to 
Bradford (1976) were diluted 1:2 v/v in Laemmii sample buffer, boiled for 3 minutes, loaded onto gels 

21 -and subjected to electrophoresis at a constant current of 15 mA. Proteins were transferred to 

nitrocellulose at a constant voltage of 40 V for 4 hours at 4°C using a Hoefer Transphor Transfer Unit 
(Alameda. CA). Nitrocellulose was blocked with 5% powdered milk in TBS for 2 hours at room 
temperature (RT) t incubated in primary antibody for 4 hours at RT and in secondary antibody for 1 
hour at RT. Primary antibody was wheat anti-thioredoxin h II Ab (Johnson er ai, 1987b) diluted 1 to 

26 500: secondary antibody was goat anti-rabbit alkaline phosphatase (Bio-Rad, Hercules CA) diluted 

1:3000. Blots were developed in NBT/BCIP alkaline phosDhatase color reagent (accoraing to Bio-Rad 
instructions): gels were stained with Coomassie blue to assure transfer. Images were scanned using a 
Bio-Rad GelDoc 1000 (Hercules, CA) and analyzed using Bio-Rad Multi Analyst, version 1.0.2. Ali 
bands were scanned over the same area, using a rectangle of comparable density as Dackground; 

31 results were exoressed as % of volume scanned. The number shown represents the percent of the 
total volume (pixel density X area of scanned band). 

WTRXh Activity Measurements 
Preparation of Materials for Extraction. 

36 Mature grains from various heterozygous and homozygous transgenic lines servea as starting 
materials for tne assay. Heterozygous lines with a D-hordein promoter were: GPDhBarWtrx-5, 
GPDhBarWtrx-9-1. and GPDhBarWtrx-9-2. Heterozygous lines with a B-hordein promoter and no 
signal seauence were: GPdBhBarWtrx-2. -5, -9, -19 and GPdBhBarWtrx-20. Heterozygous lines with a 
B-hora in promoter plus a signal seauence were: GPdBnssBarWtrx-2. -7, GPdBhssBarWtrx-2S, 

41 GPdBhssBarWtrx-20. GPdBhssBarWtrx-u. GPdBhssBarWtrx-22. Homozygous lin s with a signal 



77 



WO 00/58352 PCT/USOO/08566 

1 sequence w re: GPdBhssBarWtrx-2-17, GPdBhssBarWtrx-2-17-1 , GPdBhssBarWtrx-29-3 and 

GPdBhssBarWtrx-29-3-2. Control matenais included a non-transformed tissue culture aenved line. 
4-96. a transformed line containing only oar. GPBar-l, and null segregant lines. 
GPdBhssBarWtrx-29-11 and GPdBhssBarWtrx-29-11-10. derived from line GPdBhssBarWtrx-29. 

6 ^reparation of (NH^SO, Extracts for Ge! Filtration 

Approximately fifteen grams of barley grains were ground to powder in a coffee grinaer and extracted 
with 80 ml (1:4 w/v) of buffer [(50 mM Tris-HC! buffer, pH 7.9. 1 mM EDTA. 0.5 mM PMSF 
(phenylmethysulfonyl fluoride)], 2 mM e-amino-/7 caproic acid, 2 mM benzamidine-HC!) by stimng for 3 
hrs at 4°C. The slurry plus the rinse was subjected to centrifugation at 25.400xg for 20 min, the 

I supernatant solution was decanted througn glass wool, pellets were resuspenaed in a small volume of 
buffer and then clarified by centrifugation as before. The supernatant fractions were combined, an 
aliquot was removed and the remainder was subjected to acidificatiofi by adjusting the pH from 7.83 to 
4.80 with 2 N formic acid: denaturea proteins were removed by centrifugation as above prior to assay. 
The pH of the acidified supernatant solution was readjusted to 7.91 with 2 N NH d OH and an aliquot 

6 was removed for assay. Powdered (NH 4 ) ? SO< was added to a final concentration of 30% and the 
sample was stirred for 20 min at 4°C, followed by centrifugation as described aoove. The pellet was 
discarded. Additional (NH 4 ) 2 SO< was added to bring the decanted supernatan: solution to 90% 
saturation: the sample was stirred for 16 hrs at 4°C. followed by centrifugation as described above. 

:1 The supernatant solution was discarded, the 30-90% (NH 4 ) 3 SQ a pellets were re-suspended in 30 mM 
Tris-HCl. pH 7.9 buffer and then subjected to centrifugation at 40.000xg for 15 min to clarify. The 
resulting supernatant (30-90% (NH 4 ) 2 SO, fraction) was added to dialysis tubing (6,000-8.000 MW 
cut-off) and exposed to solid sucrose at 4°C to obtain a 10-fold reduction in volume. An aliquot (1 ml) 
of the clarified and concentrated 30-90% (NH 4 ) ? S0.) sample was saved and the remaining sample was 

:6 applied to a pre-eouilibrated (30 mM Tris-HCl, pH 7.9, 200 mM NaCI) SeDnadex G-50 superfine 

coiumn (2.5 x 90 cm: -400 mL bed volume) with a penstaltic pump at a flow rate of 0.5 mL/min. Protein 
was eluted with the same buffer at the same flow rate; one hundred fifty drop-fractions were collected. 
Selected fractions were used to measure aosoroance at 280 nm using a Pharmacia Biotech Ultrospec 
4000 and to assay for TRXh activity following the NADP-MDH activation orotocol (see betow): Active 

II fractions were pooled, siorea at 4°C. and then assayed for total NADP-MDH activation activity. 

Preparation of Heat-Treated Extracts 

Approximately 10 grams of barley grains were ground to powaer for about 30 sec in a coffee grinder 
and extractea by shaking for 1 hr at room temoerature in 50 mL buffer as above. The slurry plus the 

16 rinse was subjected to centrifugation at 27,000xg for 20 min and the supernatant solution decanted 
througn glass wool. A 20 mL aliquot of each sample was heated at 55°C until sample temperature 
reached 60±1°C (-10 min). The sample was neld at 60°C for 10 additional min, followed by cooling in 
an ice/water bath. The cooied samme was centrifugea and the supernatant solution was concentrated 
by sucrose as aoove ana storea at -2C°C. Frozen samples were thawea ana clarified by centrifugation 

n at 14,000 rom for 10 mm at 4"C. Total TRXh activity was estimated on the concentrated, supernatant 
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NADP-Malate Denvdrooenase Activation Assay 

Thioreaoxin h activity was assayed as previously described (Florencio etaL, 1988; Johnson era/., 
1987a). Fifty to 120 ul of extract (deDending on activity) was preincubated with DTT, and 0.16 to 0.32 
6 ul of the pre-incuoation mixture was used for tne NADP-MDH assay. Control assays were conducted 
on identical fractions in the absence of NADP-MDH. Western blot analysis was conductea as 
described aoove except that 10 to 20 % SDS-polyacrylamtae gets were used for electrophoresis and 
transfer to nitrocellulose paper was for 4 hrs at 40 V. 

11 Sequential Extraction of Multiple Protein Fractions 

Ten grams of baney grain were sequentially extracted for albumin (H 2 0-soluble), glooulin (salt-soluble), 
hordeins (aicohof-soiubie) and glutelins (Shewry et aL, 1980). Bartey powder was stirred with 0.5 M 
NaCI for 1 h at 25°C to remove salt-soluble proteins. Two sequential hordein fractions were extracted 
from the resiaue with 50% propanol in the absence (horaem-l) and presence (hordein-ll) of 2% (v/v) 2- 

16 mercaotoethanoi. Gluteiins were extracted from the residue with 0.05 M borate buffer, pH 10, 
containing 1% (v/v) 2-mercaptoetnanoi and 1% (v/v) sodium dodecyisuiphate. 

In vitro Monobromobimane (mBBr) Labeling of Proteins 

.Immature, mature, or germinating seeds from nontransformed and transgenic plants were ground in 
21 100 mM Tris-HCl buffer, pH 7.9. Reactions were carried out following the protocol of Kobrehel et a/., 
(1992). Seventy microliters of the buffer mixture containing a known amount of protein was either 
untreated or treated with DTT to a final concentration of 0.5 mM. After incubation for 20 mm, 100 nmol 
of mBBr was added, and the reaction was continued for another 15 min. To stop the reaction and 
derivatize excess mBBr, 10 pi of 10% SDS and 100 pi of 100 mM 2-mercaptoethanol were added. The 
26 samples were apolied to a 15% SDS-PAGE gel. Fluorescence of mBBr was visualized by placing gels 
on a light box fitted with a UV iignt source (365 nm). Protein determination was carried out by the 
Bradford dye binding method (Bradford 1976) using bovine serum albumin or gamma globulin as 
standards. 

31 Assay of Puliulanase and its inhibitor 

To measure puliulanase activity, grain was germinated in a dark chamber and retained for up to 5 days 
at 25°C as described (Kobrenel et aL, 1992.; Lozano et a/.. 1996.). A set of plates from each line was 
removed for extract preparation eacn day. Cell-free endosoerm extracts were prepared from lots of 10- 
20 germinated grains of equivalent root and coieoptile length within a given cohort. EnaosDerm was 

36 separated from the embryo and other tissues and added to Tris-HCl buffer (50 mM. pH 7.9) 
supplemented with 1 mM EDTA and 0.5 mM PMSF (1:3 to 1:6. wt/vot ratio of tissue to buffer 
aepending on aeveiopmentai stage). After gnnding in a mortar on ice, the sample was clarified by 
centrifugation (10 mm at24.000xg); the suoernatant fraction was recovered and stored in 0.5-ml 
aiiquots -80°C for puliulanase SDectrophotometnc or gel assays. 
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Pulluianase activity was d termined SDectroDhotometrtcally at 37°C by measuring dye released after 
30 mm at 534 nm using red puliuian (Megazyme. Bray, Ireland) as substrate in 50 mM citrate- 
pnospnate buffer (pH 5.2) (Serre et at., 1990.). Pulluianase also was assayed on native activity gels of 
7.5% acryiamiae, 1.5 mm thickness, containing 1% red pullulan (Furegon era/., 1994.). Gels were 
scanned using a Bio-Rad Gel Doc 1000 and analyzed using Bio-Rad multi analyst, version 1.0.2. 
Pulluianase inhibitor activity was determined on fractions neated to inactivate pulluianase (70°C for 15 
mm) by measuring their ability to inhibit adaed ourified baney mait pulluianase. Endogenous 
puliuianase activity was shown to be completely eliminated by this heat-treatment whiie the inhibitor 
activity was not affected (Macri ef a/., 1993; MacGregor er a/., 1994). 

Alpha-Amvtase Activity in Bariev Grain Overexpressino Thioredoxin h 
Amylase activity from the null segregant and homozygous barley grains was analyzed during 
germination ana eany seedling growth by using gels containing starcfi. Native poiyacrylamide 
electroonoresis geis [6% acryiamide, 1.5 mm thick] were prepared and developed according to the 
method of Laemmii (1970) except that SDS was omitted from all solutions. The separating gel 
contained 0.5% soluble starch (Lintner potato starch. Sigma Chemical Co.. St. Louis. MO). Lyophilized 
sampies were dissolved in distilled HU0 and mixed 1:1 with a buffer consisting of 0.25 M Tris-HCI, pH 
6.8. 50% glycerol, 0.04% bromophenol blue, and 3 mM CaCU. Fifty micrograms of sample protein 
were loaded in eacn iane. Electrophoresis was earned out at 80 milliamps per gel at 4°C until the dye 
front was at the eage of the gel (usually 4 to 5 hours). After electrophoresis, the geis were incubated in 
100 mi of 0.1 M succinate buffer, pH 6.0, for 1-2 hours at 37°C. The gels were then stained for 5 min 
in a solution containing 2.5 mM U and 0.5 M Kl. Gels were washed in distilled H 2 0. . Except for the 
white regions containing amylase activity, gels were stained dark blue. 

Isoetectricfocusina (IEF> 

For determination of aipha-amylase isozyme patterns, extracts from both dry and germinating grain of 
transformea and control (untransformed) bariey were seoarated by electrophoresis at 4°C [1.0 mm 
thick, pH 3-10 isoelectric focusing (IEF) poiyacrylamide gels, using the X cell II system (NOVEX. San 
Diego, CA)). Cathode buffer contained 20 mM arginine, and 20 mM lysine; anode buffer was 7 mM 
phosphoric acid. Sampies were mixed 1:1 and 2x IEF sample buffer pH 3-10 (NOVEX). Aftersampie 
application (20 pg/lane) gels were developed at constant voltage [100 V for 1 hr, 200 V for an 
additional 1 hr. and 500 V for 30 min] IEF standards (Bio-Rad) were used to determine the dH 
gradient of the gets. 

Multiple Antibody Probing of IEF Geis 

Western blot analysis of aloha-amyiase isozymes was oerformea using a Mini Trans-Blot 
Eiectroohoretic Transfer Cell (Bio-Rad). Seed extracts from the null segregant and homozygous lines 
overexpressmg wneat thioredoxin h were seoarated by IEF geis as described above. Proteins were 
transferred to nitrocellulose at a constant voltage of 100 V for 1 hr at 4°C using 0.75% acetic acid as 
blotting buffer Nitrocellulose was blocKed witn 5% Dowaereo milk in Tris buffer solution (20 mM Tris- 
HCI. pH 7.5. suoDiementea with 0.15 M NaC!) for 1 hr at room temperature, incubated with pnmary 
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antiboay for 4 hours at room temperaiur and then with secondary antibody for 1 hour at room 
temperature. Pnmary antiboay was anti-barley alpha-amyiase B diluted 1:1000; secondary antiooay 
was goat anti-rabbit alkaline phosphatase (Bio-Rad) diluteo 1 :3000. Blots were developed in 
NBT/BCIP alkaline phosphatase color reagent (according to Bio-Rad instructions) thereby rendenng 
the cross-reacted alpha-amylase biuish-puroie. To achieve full identity of isozyme pattern, blots were 
probed a second time with another primary antibody, anti-aipha-amyiase A (diluted 1:1000) and the 
secondary antibody (as above). This time blots were aeveioped in Naphthoi Phospnate/Fast Red 
alkaline phospnatase coior reagent (according to Bio-Rad instructions) which gave a pink stain to the 
aipha-amylase A. The blot shown was subject to this dual prooing procedure. 

B. Results and Discussion 

Production of Transgenic Plants 

One day after bombardment, the whole emoryos were transferred onto DC medium with 5 mg/L 
bialaphos. At transfer to the second selection plate (5 mg/L bialaphos), alt material from individual 
callusing embryos was broken into small pieces (2-4 mm) using forceps and maintained separately. 
During the subsequent two to five selection passages on 5 mg/L bialaphos (at 10- 20 d intervals), 
callus pieces snowing evidence of more vigorous growth were transferred to new selection plates. 
During the second round of selection, some pieces of callus were inhibited in growth and in some 
cases pieces turned brown. In general, transformed tissues were observed after three or more rounds 
of selection. The bialaphos-resistant tissues were transferred onto an intermediate medium, DBC2 or 
DBC3 (Cho etaL, I998a-c) with bialaphos (5mg/L), and grown for 1 to 2 months before regeneration 
on FHG medium containing 3 mg/L bialapnos. Green piahtlets were transferred into Magenta boxes 
containing 3 mg/L bialaphos. Twenty-eight independent putativeiy transformed, regenerate lines were 
proauced after biaiaDhos selection (shown in Table 3). 



Table 3. Transgenic Barley Lines Transformed with Wheat Thioredoxin h Gene. 



Plasmids for 
BomDardment 


Transgenic Barley Line 


DNA PCR 
(To leaf) 






bar 


vvtrxh 


TRXhr expression 
in T, seeas 


Ploidy 


Comments 


pdBhWTRXN-1 
+ DAHC20 


GPdBhBarWTRX-1 




+ 


n.d. 


Tetraploid 




GPdBhBarWTRX-2 j + 


■4- 


•+ 


Tetraploid 






GPdBhBarWTRX-3 








Diploid 






GPdBhBarWTRX-5 


i 
i 


\ Tetraploid 


Sterile 


j GPdBhBarWTRX-16 


! n.d. 


Teiraotoid | 


| GPdBhBarWTRX-1 7 






n.d. 


TetraDloid 






GPdBhBarWTRX-1G 


i 

! * 




Dioloid 






GPdBhBarWTRX-20 j * 


+ 


I 


Diploid | 




GPdBhBarWTRX-22 








Diploid | 




GPdBhBarWTRX-23 | * j * { 


Dioloid I 
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pdBhssWTRXN3-8 
•*• pAHC20 


GPdBhssBarWTRX- 1 






Did! oid 






GPdBhssBarWTRX-2 




i * 




I Djdioio 

t 


j Hornozyaous 




GPdBhssBarWTRX-3 


j . 


i 

I + 


I 
( 
I 


! Djdioig 


j 




GPdBhssBarWTRX-7 


j * 




i 


| Diploid 


i 

! 




GPdBhssBarWTRX-9 




+ 


j n.d. 


Tetrapioid 






GPdBhssBarWTRX- 1 1 


4- 


! * 


! - 


Diploid 






GPdBhssBarWTRX- 13 




+ 


Tetrapioid 






GPdBhssBarWTRX- 14 








Diploid 






GPdBhssBarWTRX-20 








Tetrapioid 






GPdBhssBarWTRX-21 






n.d. 


TetraDloid 


Sterile 




GPdBhssBarWTRX-22 




4- 




Tetrapioid 






GPdBhssBarWTRX-29 








Diploid 


Homozygous 


pDhWTRXN-2 
+ DAHC20 


GPDhBarWTRX-5 








Tetrapioid 




GPDhBarWTRX-7 


+ 






Diploid 






GPDhBarWTRX-8 








Diploic 




1 GPDBhBarWTRX-9 
— ' 






* i 


Diploid 


Homozygous 




GPDBhBarWTRX-22 






+ 


Diploid 


Sterile 


pGlbWTRXN-1 
+ PAHC20 


GPGIbBarWTRX-1 








Diploid 





*n.d.: not determined 



Anaivsis o f 7. Plants and their Progeny 

PCR analysis was performed using two sets of WTRXh primers and one set of BAR pnmers (see 
Figure 6). PCR amplification resulted in 0.4-kb intact wtrxh or 0.l4kb truncated wtrxh and 0.34-kb 
internal bar fragments from transgenic lines. Of the 28 lines tested. 28 yielded bar fragments from T 0 
leaf tissue and 26 produced PCR-amplified fragments for winch, g.ving a 93% co-transformation 
frequency. Nine lines were transformed with pdBhWTRXN-1 , eleven with pdBhssWTRXN-8. five with 
pDhWTRXN-2 and one with pG1bWTRXN-1 (see Table 2). Three lines (GPdBhBarWtrx-5. ■ 
GPdBhssBarWtrx-21 and GPDhBarWtrx-22) were sterile. Seeds of T, piants and then- progeny from 
selected wrrxn-postiive lines were olanted in order to screen for homozygous lines. Homozygous bnes 
and null segregants were ootainec from GPdBhssBarWtrx-2. -29 and GPDhBarWtrx-9 (see Table 2). 

Cvtoloaical Anaivsis of Transgenic Plants 

Chromosomes were counted in root mertstem cells of independently transformed T 0 barley plants. Out 
of 28 independent transgenic lines examined. 17 lines had the normal opioid chromosome 
comolemem f2n=2x=i4). while the remain.ng 1 1 lines were tetrap.oid (2n=4x=28) (see Table 2). 

Characterizaunn and Content nf W TRXh Pmnnrx* ln Transnrnir ^ 

As discussed above, several staoiy transformed barley lines w re obtained that exoress wheat 



82 



WO 00/58352 



PCT/US00/08566 



mioreaoxm h. As seen in Figure 7, the stable introduction of the wtrxh linked to the BVhordein 
promoter with the signal peotiae sequence resulted in greatly ennanced expression of active WTRXh in 
transgenic baney seec. 



11 



16 



Analysis by western biot of soluble protein fractions of the three lines in which the thioredoxin gene 
was linked tc a signal sequence (GPdBhssBarWtrx-22. GPdBhssBarWtrx-29 and GPdBhssBarWtrx-7) 
showed differences in the level of expression (shown in Table 3). Line GPdBhssBarWtrx-22. 
GPdBhssBarWtrx-29 and GPdBhssBarWtrx-7, respectively, showed 22 times, 10 times and 5.5 times 
more WTRXh protein than nontransformed control seeds. The analyses showed that the thioredoxin 
content of the null segregant (GPdBhssBarWtrx-29-1 1 ) was approximately half that of the 
corresponding control The three lines generated from the construct in which the thioredoxin gene was 
not associated with a signal sequence were also compared to nontransformed control barley seed and 
they exhibited the following increases in TRXh levels as indicated by the western blot analyses: 
GPDhBarWtrx-9: 12 times: GPDhBarWtrx-5: 6.3 times; GPdBhBarWtrx-2: 6.4 times. When probed on 
Western Blots, the transgenic lines show two bands while the control barley generaly shows only one 
and in some cases a second minor band. Furthermore, the tissues from the transgenic lines were 
characterized by a band that did not correspond to either of the barley bands but did correspond to 
wheat thioreaoxin h. These data indicate that the protein introduced by transformation is wheat 
thioredoxin n. 



21 Table 3. Western Bio; Analyses of OverexDression of Wheat Thioredoxin h in Barley. 



41 





Barley Line 


% Volume Scanned 


Fold Increase 
(or Decrease) 




Non-Transformed Control: 
Golden Promise 


1.46 


■ 1.0 


26 


Transformed with Signal Seauence: 
GPdBhssBarWtrx-22 
GDdBhssBarWtrx-29 
GpdBhssBarWtrx-7 


32.44 
14.62 
7.99 


22 
10 
5.5 


31 


Transformed without Signal Sequence: 
GPDhBarWtrx-9 ~ 
GPDhBarWrrx-5 
GPdBhBarWtrx-2 


17.69 
9.20 
9.29 


12 
6.3 
6.4 




Null Segreganr 

GPdBhssBarWtrx-29-1 1-10 


0.93 


(0.64) 



The Wheat thioredo xin h in Bariev Grains is Biologically Active 

Because of interference from otner enzymes that oxidize NADPH, the activity of TRXh cannot be 
accurately assayed in cruoe extracts, thereby necessitating its partial purification. Partially purified 
extracts of the different transgenic and control lines were prepared from 15 grams of seed using 
ammonium sulfate fractionation and gel filtration cnromatography. Activity was measured with an 
NADP-MDH activation assay. Profiles oasea on these assays snow mat the activity of TRXh in the 
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transformed s ea ts mucn higner than in the nontransformea controi (s e Figure 7), Th activity results 
are summarized in Table 4. 



Total WTRXh activity from the seeas of two tines transformed with the Bl-horbein promoter and the 
signal sequence (GPBhssBarWtrx-3: GPdBhssBarWtrx-29) is about 4- to 10- fold higher, respectively, 
6 than that of control, nontransformed seed. Total activity from a line transformed with the D-hordetn 

promoter without tne signal sequence (BGPDhBbarWtrx-5) is oniy siightly higher (1 .25-fold) than that 
of the nontransformed control (see Table 4). In the transgenics, the specific activity of thioredoxin is 
generally about 0.128 A WOnm /min/mg protein or aDout two fold over null segregants. 



Table 4 Summary of Total Buffer-Extracted Protein and Total Thioredoxin Activity from Active Fraction 
after Gel Filtration. 



Baney Line 


Total Protein, mg 


Total Activity, A^min 


Soectfic Activity, AaVrnin/mg 


Control (GP 4-96) 


102.6 (1.00)* 


7.4 (1.005* 


0.064 (LOO)* 


GPDhBarWtrx-5 


171.2 (1.67) 


9.2 (1.2) 


0.054 (0.8) 


GodBrtssBarWtrx-29 


149.1 (1.45) 


72.0 (9.7) 


0.483 (7.5) 


GpdBhssBarWtrx-3 


231.3 (2.25) 


27,7 (6.4) 


0.794 (12.4) 



Numoers in brackets are fold increase over that of the control. 



The transformed barley grains analyzed so far appear to have more total buffer-extracted protein than 
21 control, nontransformed seed (Table 4). 

The transformed grains have a thioredoxin content of at least about 10-15 ug thioreaoxin/mg soluble 
proteinooout 2-8 ug thioredoxin/mg tissue) or about two-fold higher than the null segregant. 

26 Because of the tediousness of the (NH 4 ) 2 S0 4 proceaure and the requirement for large quantities of 

seed, the original extraction procedure was modified to include a heat treatment step. This change was 
based on the fact that £ coii WTRXh is stable after treatment at 60°C for 10 mm (Mark and 
Richarason. 1976). Results on WTRX from two different transgenic bariey seeds (GPdBhBarWtrx-3, 
GPdBhssBarWtr-29) showed no significant difference in activity between the heat treated and non-heat 

31 treated extracts (Figure 8). In addition heat-treatment aecreased the endogenous, nonspecific activity 
in this assay, thereby increasing the reliability of the measurements. 

Ten different barley lines (transformed ana nontransformed) were extracted using the heat-treatment 
step ana assayed with the NADP-MDH assay; the results are summanzed in Taole 5. In general, total 
36 WTRXh activities in seeas from lines transformed witn the B-hordein Dromoter and signal sequence 
linked to wtrxh are mucn higner (4. to 35-foid) than in seeos from lines transformea with the same 
promoter without signal sequence linked to wtrxh or in seeds from the nontransformed control (Table 
5). At this point it is not known whether ail expressec wneat WTRXh in oarley seeds is heat stable. 
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Table 5. Relative Total Thioreaoxi.n Activity in Different Transgenic Barley Lines. 



Line Designation 


Total Protein (%) 


Total Activity (%) 


Specific Activity (%) 


Non-transgenic comroi 
GP4-96 


100 


100 . 


100 


oar vjene uniy 








orDar-i 




120 


131 


Without Signal Sequence 








GPdBhBarWtrx-1 


101 


192 


190 


GPdBhBarWtrx-22 


113 


151 


133 


GPdBhBarWtrx-23 


118 


180 


153 


With Signal Seauence 








GPdBhssBarWtrx-2 


137 


1650 


1203 


GPdBhssBarWtoc-14 


122 


1723 


1418 


GPdBhssBarWtrx-20 


147 


440 


299 


GPdBhssBarWtrx-22 


154 


3470 


2245 


GPdBhssBarWtrx-29 


108 


1316 


1219 



One hundred percent of (a) total protein, mg; (b) totat activity, nmol/min: and (c) specific activity, 
nmol/min/mg protein of the non-transgenic control are: (a) 1 16.4; (b) 157.38 (c) 1.52. respectively. 



Of the stabiy transformed iines that expressed wheat thioredoxin ft, on average, its level was found to 
be higher in transformants that had the signal peptide-containing constructs than to those that did not 
(Table 5). Western blot analysis of soluble protein fractions from heterozygous mixtures of seeds from 
three of the lines, GPdBhssBarWtnc-7, GPdBhssBaiWtnc-29, and GPdBhssBarWtrx-22 showed 5.5 
times, 22 times, and 10 times more thioredoxin ft. respectively, than nontransformed control grain 
(Table 3). The thioredoxin content of the null segregant (GPdBhssBarWtrx-29-1 1-10) was about half 
that of the corresoonding, nontransformed control. 

Extracts from barley typically showed one immunologically reactive band (identified by B in Figure 9A, 
lanes 1 and 6) but in some transfers showed a second faint, faster moving band (Figure 9B, lane 2). 
Tissues from transgenic lines overexpressing wrrxft were characterized by a band that did not 
correspond to either of the two counterparts in bariey, but rather to thioredoxin ft from wheat The 
difference between the overexpressed 13.5-kDa wheat and the endogenous 13.1-kDa barley ~ 
thioreaoxin ft is particularly pronounced in the barley line transformed with the nontargeted thioredoxin 
ft gene (Figure 9A, line 5 and Figure 9B. lane 1 ). Related analyses of the various transgenic lines by 
SDS/PAGE led to the conclusion that the band identified in Figures 9A-B by W corresponds to the 
bread wheat wtrxh introduced by barley. tnaeDendent biochemical assays with 5.5'-dithiobis(2- 
nitroDenzoic acid) (DTNB) (Florencio er a/.. 1988.) confirmed tne ability of barley NTR to reduce wheat 
thioredoxin n (aata not snown). 

Because of their value in assessing biocnemical attributes of the grain, homozygous wtrxh lines were 
ioentified and analyzed by Western blot. The two lines identified as homozygous showed both 
enhancea expression of thioredoxin ft retativ to that of their heterozygous Darents and 
nontransformed controls. Analysis of GPdBhssBarWtrx-29-3 is snown in Figure 10. It is noted that 
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demonstration of me th>oreaox.n h present ,n the nontransgenic control ana null segregant grains (not 
aoparent in the exposure snown in Figure 9) reauired conditions that led to overexposure of the 
enncned transgenic preparations. Thioreaoxm in the par nt heterozygous grain was snown to be 
oiocnemicaliy active. 

Pullmanase and Puliuianase Inhrbitor ActMh, in R * riev Gram a****Dressmn Thhtmrinyin h 
Puliuianase ,s an amylolytic enzyme present in cereal grain, which has a disulfide inhibitor protein 
(Macn er a/., 1993.; MacGregor ei al.. 1994.). the activity of wnich is linked to thioreaoxin (Wong er al. 
1995.). Thioredoxm reduced by NADPH via NTR. reduces the disulfide bonds of the inhibitor, allowing 
the targeted puliuianase enzyme to pe active Because of this relationship, it was of interest to 
determine the activity of puliuianase in the thioredoxm h-overexpressing transformants. 

Spectrophotometry assays (Figure 13A) of extracts from transformed grain of a homozygous line 
(GPdBhssBarWtrx-29-3) overexposing thioreaoxm h showed a 3- to 4-fold increase in puliuianase 
activity en the fifth aav after initiation of germination relative to its null segregant. Confirmatory results 
were obtained in a separate expenment with native activity geis. The increase in activity was apparent 
either wnen geis were viewed directly (Figure 13B) or when the activity on the geis was assessed by 
scanning and integrating the clarified bands (Figure 13C), A homozygous line isolated from a different 
independent transformation event (GPdBssBarWtrx-2-1-15) snowed a similar response (data not 
shown). The transgenic plants expressed an puliuianase activity of about 1-2 Absoroance units at 534 
nm/30 min/mg protein, which is about two-fold higher than null segregants. 

Puliuianase inhibitor activity was determined on fractions heated to inactivate puliuianase (70'C for 15 
mm) by measunng the inhibition of the fractions on added purified barley malt puliuianase. The 
endogenous puliuianase activity was shown to be completely eliminated by this heat treatment 
wnereas inhibitor activity was not affected (Macri et al.. supra; MacGregor er al.. supra). Analysis of 
comparable grain extracts revealed that the puliuianase inhibitor was inacnve on the fourth and fifth 
days after water addition in both the transformant and null segregants. These results thus 
demonstrate that the increase in puliu.anase activity observed after the third dav is not caused by 
enhanced inactivation of the inhibitor in the transgemc grain. It is possibie that thioredoxm acts either 
oy increasing the ae novo synthesis of puliuianase (Hardie et al.. 1975.) or by lowenng the binding of 
the mature enzyme to. the starchy endosperm. There .s evcence that some of the puliuianase of the 
mature endosperm ,s present in bound form ana can be solubiiized by reducing conditions (S.ssons et 
at. 1993.; Sissons era/.. 1994.). 

Alpha-ArnvtosP Activity m Ran™ G rain Ovemmr^smc Thmmrtmin h 

Alpha-amyiase. also an amyiolytic enzyme that ,s induced by gibbere.iic acd like puliuianase has long 
been considered key to germmation. The synthesis of the major (B) ano m.nor (A) forms of this 
enzyme are Known to be tnggered by the hormone, gibb rel.ic acid (GA). In addition, a.oha-amy.ase 
act,v,ry , s mcreased „ wrro by the reauct,ve inactivation of its disulfide inhibitor prptem p v thioredoxm A 
On the presenc of NADPH and MADP-thioredoxm reouctase , The present results with transformed 
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barley seeds snow that, like puliuianase. tnioredoxin h expression alters alpna-amylase activity, in 
this case, the appearance of the enzyme during germination is accelerated and its aDunaance and 
activity are increased. 

Figure 14A-0 shows the eany increase in both the abundance ana activity of alpha-amyiase (A + B 
forms) dunng gemmation ana seedling development. Based on the antibody response in western 
blots, aioha-amyiase was first detected 3 days after the onset of germination in the transgenic grain 
Figure 14C) whereas the enzyme did not appear until the fourth day in the null segregant (Figure 14A). 
The onset of activity (based on the activity gel) followed a similar pattern (Figure 14B and Figure 14D). 
The mobility of the enzyme in the activity gel also reflected the early induction of activity in the 
transgenic grain (Figure 15). That much of this increase in activity seen eariy on was due to the/B (a 
giboerellic acid-linked form) is supported by Figure 16. Here, one can aiso see that the level of the 
minor A form of the enzyme (aiso gibberellic acid dependent) was increased in grain overexDressing 
thioredoxin h. Again, the appearance of significant leveis of the major (B form) aipha-amytase enzyme 
was advanced by 1 dav. 



Germination ofBariev Grains Overexpressina Thioredoxin h 

All operations were carried out at 25°C (uniess otherwise specified beiow) under conditions described 
by Kobrehel et at. 1992 and Lozano et a/. 1996. Grains were surface sterilized by continuous stirring in 
0.25% bleach for 30 min. Bleach was removed by extensive washing with sterilized distilled water. 

21 Thirty sterilized null segregant (GPdBhssBarWtrx-29-22-10, in which the transgene was removed by 
crossing with a self-poiinated piant from the same line) and thirty sterilized homozygous 
(GPdBhssBarWtrx-29-3) seeds were placed in each of a series of plastic Petri dishes (12.5 cm 
diameter) fitted with three layers of Whatman #1 filter paper moistened with 15 ml sterile distilled water. 
Plates were wrapped with aluminum foil ano grain was germinated in a aark chamber at 20°C for up to 

26 7 days. One plate was read at each time point shown in Figure 17. Percent germination, in the first 
day (from the start of .incubation up to 24 hours), was determined by ooserving the emergence of the 
radicle. On the suDsequent days, percent germination represents seedling growth as determined by 
measunng the length of coieoptile and roots of the germinated grains. 

31 The results, snown in Figure 17, indicate that germination in transgenic barley overexpressmg wheat 
thioredoxin h is detected about 16 hours after tne onset of incubation in about 25-30% of the seeds, in 
contrast no germination in the null segregant was detected at 16 hours but is first detected 8 hours 
later, on Day 1. Therefore, in the transgenic germination is advancea about 8 hours. However, on Day 
1 germination was detected in approximately 70% or about twice the number of transgenic grains in 

36 comDanson to tneir null segregant counterparts. It is interesting to note that the onset of germination in 
tne transgenics parallels tne onset of the detection of aiDha amylase as snown in Figure 15. 

Sequential Extraction of Gram Proteins from Transgenic Barley Grams . 

isolated endosperm from 10 dry grains or seedlings (germinated as described above) were ground 
41 with mortar ana Destle at 4°C with 3 ml Tris-HC! buffer as indicated below. The separate mixtures of 
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Homozygous GPdBhssBarWtrx-29-2 and null segregant GPdBhssBarWtrx-29-22-10 grams were 
Placed in a 5-ml screw-top centrifuge tune. Grains were mecnan.cally shak n for 30 mmut s ana Wen 
centrifuged for 10 mm at 24.000 x g. The supernatant fraction (buffer-soluble) was aecanted and saved 
for analysis and the residue was extracted seauentially witn the following solvents for the indicated 
times: [1] 0.5 M NaCi (30 min); [2] water (30 mm); [3] 2 x 50% prooanol (2 hr); [4] 2 x 50% propanol * 
2% 2-mercaptoethanol (MET) (2 hr): and [5] 0.5 M borate buffer. pH 10. containing 1% SDS and 2% 
2-mercaotoethanol (2 hr). Suoematant fractions of all extracts were determined for volume and protein 
content (by Coomassie dye binding method), then were stored at -20'C until use. By convention, the 
fractions are designated: [1] albumin/globulin (buffer/salt/water): [2] Hordein I (prooanol); [3] Horoein II 
(prooanol * MET); and (4] giutelin (Borate/SDS/MET) (Shewry er a/., 1980). These fractions were used 
to determine, protein content, the distribution of proteins between the water soluble ^nd insoluble 
fractions, the totai extractable protein, and reauction with NADPH. 

To determine the in vivo redox status of protein from transgenic barley grain dunng germination and 
seedling aevelopment. the extraction procedure was repeated except that 2 mM mBBr was incluaed in 
the Tns grinding buffer and the grinaing was under liquid nitrogen. The mBBr derivauzed proteins were 
electrophoresed on SDS-poiyacrylamide gels (1.5 mm thickness. 10 - 20% gels, pH 8.5 (Laemmli, 
1970). Gels were Developed for 16 hr at a constant current of 8 mA. Following e.ectrophoresis, gels 
were o.aced in 12% (w/v) tnchloroacetic acid and soaked for 4 to 6 hr with one change of solution to fix 
the proteins; gels were then transferred to a solution of 40% methanol/10% acetic acid for 8 to 10 hr 
with agitation to remove residuai mBBr. The fluorescence of mBBr (both free and protein bound mBBr), 
was visualized by placing gels on a light box fitted with an ultrav.olet light source (365 nm). Following 
removal of the excess (free) mBBr. images of gels were captured by Gel Doc 1000 (Bio-Rad). 

To ascertain the equ,vaient protein amount of loaded extracts. SDS-geis were stained with Coomassie 
26 Brilliant Blue G-250 in 10% acetic acid for 30 min. and oestamed in 10% acetic acid for 30 min with the 
aid of a microwave oven. Protein stained gels were captured by Gel Doc 1000 as above. 

The Guantification of fluorescence (pixel x mm x mm) and protein (optical density x mm x mm) on gels 
were carried out by a software program for image analysis - Multi-Anaiyst. version 1.0 (Bio-Rad). 
31 Relative reduction was expressed as the ratio of fluorescence to protein. 

The results of two expenments snown in Table 6, Table 7. and Table 8 demonstrate an mcrease in tne 
tota. protein on a percent gram and a percent weight basis ,n the transgenic barley as compared to the 
null segregant. The transgenic have a thioreooxin content that is at least two-fold hianer (10-15 ug/mg 
36 soiuo.e protein; 2-8ug/gram fssue) than the nuii segregant. The data ind>cate that this increase ,n tota. 
exrraoable prote-n ,s tne result m redistribution of the protein to the most soluble albumm/alobulin 
fraction. The reaistribution of the protein to the soluble fraction mcrease in the transgenics is at least 
5% higner than tne controls. 
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Table 6. Protein Content of Various Fractions in Transgenic Barley Grain Overexpressing Wheat 
Thioredoxin h 



Experiment I* 




Null Segregant 


Homozygous 


Protein Fraction 


mg/seed 


mg/gram 


mg/seed 


mg/gram 


Albumin/Globulin 


0.462 


12.25 


0.546 


13.58 


Hordein ! 


0.239 


6.34 


0.322 


8.01 


Hordein II 


0.136 


3.61 


0.094 


2.34 


Glutelin 


0.110 


2.92 


0.097 


2.41 


Total Extractable Protein 


0.947 


25.12 


1.059 


26.34 



"Weight per 10 seeds is 0.377 and 0.402 full null segregant and homozygous line of transgenic 
barley 



Table 7.. Protein Content of Various Fractions in Transgenic Barley Grain Overexpressing Wheat 
Thioreaoxin h 



Experiment 1!** 




Null Segregant 


Homozygous 


Protein Fraction 


mg/seed 


mg/gram 


mg/seed 


mg/gram 


Albumin/Globulin 


0.691 


20.03 


1.044 


27.12 


Hordein 1 


0.373 


10.81 


0.368 


10,03 


Hordein II 


0.254 


7.36 


0.240 


6.23 


Glutelin 


0.066 


1.91 


0.062 


1.61 


Total Extractable Protein 


1.384 


40.11 


1.732 


44.99 



•Weignt per 10 seeds is 0.377 and 0.402 for null segregant and homozygous line of transgenic 
bariey 



Table £. Percent Increase of Extractable Protein in Homozygous Line 





% / grain basis 


% / mass basis 


Expenment I 


12 


4.9 


Expenment II 


25 


12 



Analysis of the relative redox status (SH:SS) of protein fractions in transgenic and null segregant 
barley grains dunng germination and as dry grains are shown in Figure 18. In dry transgenic gram, the 
greatest increase in reduction relative to the null segregant was observed in tne hordein I fraction. This 
increase was oaralieied by decreases in the relative redox status in the hordein II and glutelin tractions 
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wnile the relative reaox status of the albumin/gioouiin fraction was unchanged. The relative redox 
status cf the transgenic in comoanson to the nuil segreaant is at least 5:1. 



During germination, the albumin/globulin fraction progressively increases, reaching a relative reaox 
ratio of about 1.5 on Day 4. The relative reaox status of the hordein II and glutelin fractions also 
6 increased during germination but only reached Darity with the null segregant. In contrast the relative 
redox status of the hordein i fraction was highly variable. 

Example 4 

Bariev Thi oredoxin h Gene (btnch) Transformation 

1 1 Materials and Methods 

Plant Material and Culture ofExplants 

Mature seeds of rice (Oryza sativa L cv. Taipei 309) were surface-sterilized for 20 min in 20%(v/v) 
bleach (5.25% sodium hypochlorite) followed by 3 washes in sterile water. The seeds were placed on 2 
different NB (Chen L etal. (1998) Plant Cell Rep 18: 25-31 )-based callus-induction media; (1) 

16 NBD , BC2 medium containing 2.0 mg/L 2.4-D. 0.1 mg/L BAP and 0.5 pM CuSO, (Cho M.-J., 

unpublisned). (21 NBDBC3 meaium containing 1.0 mg/L 2.4-D. 0.5 mg/L BAP and 5.0 pM CuSO, (Cho 
M.-J., unpublished). Five to 7 d after plating, germinating shoots and roots from the mature seeds were 
completely removed by manual excision. After three weeks of incubation at 24+1 *C under dim-light 
conditions (approximately 10 to 30 pErrrV, 16 Might), tissues with shiny, nodular and compact 

21 structures were selected and subsequently maintained on NBDBC4 medium containing 0.5 mg/L 
2,4-D. 2.0 mg/L BAP and 5.0 pM CuSO, (Cho M.-J., unpublished), subculturing at 3 to 4 week 
intervals, to proliferate highly regenerative, green tissues. 

Construction of a Bariev Thioredoxin h E xpression Vector and DNA Sequencing 
26 pdBhssBTRXNf Km)-2 (Cho M.-J., unpublisned): the chimenc DNA construct containing the B r hordein 
promoter-signal sequence-dr/xn (barley thioredoxin h gene) was obtained using a modified method of 
site-directed mutagenesis by PCR (Cho and Lemaux 1997). The four-pnmer strategy was used to 
proauce 2 major PCR proaucts. Pnmers, Bhor7 (5'-GTAAAGCIJ7MCAACCCACAC^TTG-3'; SEQ 
ID NO:41) containing H/ndlll restnction site and BhorssBtrx2R 
31 (5'-CGCCG7TGCCGACGCCGCTGCAATCGTACTTGTTGCCGCAAT-3': SEQ ID NO:42), were used 
for amolification of 0.49-kb Brhordein 5' region including the B.-hordein signal peptide sequence using 
the A2-4/H;r7dilI oiasmid containing genomic clone of B.-hordein (Brandt eta/.. 1985: Cho era/., 1997) 
as a template. The onmer BhorssBtrx2R is an overiaoping pnmer containing the btnch coding 
sequence (italicized) ana a partial signal peptide sequence from the B, -noraein promoter without the 
ATG initiation coaon for otrxh. The second PCR oroduct was amolified using pnmers. BorssBtrx4 
(5-ACAAGTACGATTGCAGCGGCGTCGGCAACGGC-3': SEQ ID NO:43) and Btrxh2R 
(atagasctcTTACTGGGCCGCCGCGTG; SEQ ID N0:44); cDNA clone containing btnch (Caillau. del 
Val. Cho. Lemaux and Buchanan, unpublished) was used as template. The second set of PCR 
reactions was oroduced 0.86-kb chimenc fragments using two PCR-amptif.ed fragments (each diluted 
41 50 times) and two external prim rs. Bhor7 and Btrx2R. 
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pdBhssBTRXN(Km)-2 was made by replacing the maize ubiautin promoter in pUbilNosKmf(-) with the 
0.86-kb PCR-amDiified Hin6\\\ISaci fragment containing BJ-hordein promoter with its signal peptide 
seauence oius Dtrxh. Thus, construct DdBhssBTRXN(Km)-2 contains the barley enaosperm-specific 
B,-hordein Dromoter with its signal peptide sequence, btrxh ana nos. The signal peptide seauence 
containing the ATG initiation coaon was directly comoined with the sequence of the btrxh gene, without 
having extra amino acid seauences between the two. in order to make barley thioredoxin h protein 
provide a precise cleavage site in the lumen of endoplasmic reticulum (ER). The PCR-amplified region 
of the construe: was further confirmed by DNA sequencing, and used for stable transformation of rice. 

Stable Transformation 

Approximately 4- to 5-month-old highly regenerative cultures maintained on NBDBC4 medium were 
used for bombardment. Tissue pieces (3-4 mm) were transferred for osmotic pretreatment to NBDBC4 
medium containing mannitoi and sorbitol (0.2 M each). Four hours after treatment with osmoticum, 
tissues were bombarded as previously described (Lemaux et al. 1996; Cho et at. 1998). Gold particles 
(1 .0 pj, coatee with 25 pg of a mixture of pAc:1IHPT-4 and pdBhssBTRXN(Km)-2 at a molar ratio of 
16 1:2 were used for bombardment with a Bio-Rad PDS- 1000 He biolistic device (Bio-Rad, Hercules, CA) 
at 900 or 1 1 00 psi. Sixteen to 1 8 h after bomDarament. tissues were placed on osmoticum-free 
NBDBC4 medium supplemented with 20 mg/L hygromycin B and grown at 24±1*C under dim-light 
(10-30 pEm- : s °). From the third round of selection onward, tissues were subcuitured at 3- to 4-week 
intervals on NBDBC4 medium containing 30 mg/L hygromycin B. When a sufficient amount (a plate) of 
21 the putativeiy transformed highly regenerative tissue was obtained, it was plated on NBNBC4 medium 
containing 0.5 mg/L NAA T 2.0 mg/L BAP and 5.0 pM CuS0 4 (Cho M.-J., unpublished) and exposed to 
higher intensity light (approximately 45-55 gEnrs ■ , ). Green shoots were then transferred to Magenta 
boxes containing phytohormone-free regeneration medium [MS (Murasnige and Skoog (1962) Physiol. 
Plant 15:473-497) plus 20 g/L sucrose) with 10 to 20 mg/L hygromycin B. After four weeks. 
26 regenerated piantiets were transferred to soil. 

Genomic DNA Isolation. Polymerase Chain Reactinn fPPPt 

Putative transgenic lines were screened by DNA PCR using two a set of btrxh primers, Btrxh5 (5'- 
CCAAGAAGTTCCCAAATGC-3'; SEQ ID NO:45) and Btrxh2R. PCR amplification resulted in 0.1 Web 
31 intact btrxh from transgenic lines. One btart-positive line (OSHptBTRX-() was obtained. Amplifications 
were performed in a 25-pl reaction with Tag DNA polymerase (Promega,Madison. 
Wl) as described (Cho er al. 1 998). 

Example 5 

36 Barlev NTR Gene (hntr) Transformation 

NADP/thioreaoxin system (NTS), is analogous to the system established for animals and most 
microorganisms, in which thioreaoxin (n-type in plants) is reducea oy NADPH and NADP-thioreaoxin 
reductase (NTR) (Johnson et a/.. 1987a; Florence et a/., 1988: Suske et a/.. 1979). Without being 
bound by theory, the NTR aop ars to oe a limiting factor for NTS. Therefore, w isolated barley nrr 
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i gene from baney cDNA Horary (Cho, Lemaux and Buchanan, unoubiished) and introduce tnis gene into 
barley, wheat, ana rice plants. 

Construction of a Bariev NTR Expression Vector and DNA Sequencing 

pActilBNTRN-4 (Cho M.-J., unpublished); pActilBNTRN-4 was made by ligating the PCR-amplified 
6 Xbal/Kpnl fragment containing barley nrrcDNA sequence. Pnmers. BNTR29 

fS'attctaoaA TGGAGGGATCCGCCGCGGCGCCGCTC -S'- SEQ ID NO:46) and BNTR23R (5'- 
ttggtacc TCAATCAGACTTGCCCACCTGT -3': SEQ ID NO:47), were used for amplification of the 
1.012-Kb XbaUKpnl fragment containing 0.996-Kb baney ntr coding sequence; small letters contain a 
restriction enzyme site for subcionmg of the DNA construct containing bartey nrr gene ana unaeriined 
letters indicate the barley nrr sequences. The barley ntr fragment was purified from a 0.7% agarose gel 
using QIAquick® gel extraction kit, digested with Xbal and Kpn\ and ligated into Xbal/Kpnl-digested 
pAct1INosKmf(-) to generate the pActilBNTRN-4 piasmid. Nucleotide sequences of the PCR-amplified 
barley ntr coding region were determined by DNA sequencing. 

16 Barley nrr expression vectors driven by barley endosperm-specific B<- or D-hordein promoter with or 
without its signal peptide sequence are constructed. 

Stable transformation 

Transformation of barley, wheat and rice is conducted as previously described above and in Lemaux et 
21 aL 1996; Cho et al.. 1998; Kim et at., 1999. Barley trxh alone, bartey nfr alone or a mixture of both 

genes are used for bombardment with a Bio-Rad PDS-1000 He biolistic device (BioRad, Hercules, CA) 
at 900 or 11 00 psi. After obtaining transgenic lines, they arel analyzed for tests of redox state, 
germinabtlity, ailergenicity, and baking quality. 

26 According to the above examples, other types of plants, are transformed in a similar manner to 

produce transgenic plants overexpressing thioredoxin and NTR either alone or in combination, such as 
transgenic wneat, nee. maize, oat rye sorghum, millet triticate, forage grass, turf grass, soybeans, 
lima beans, tomato, potato, soybean, cotton, tobacco etc. Further, it is understood that thioredoxins 
other than wheat or bariy thioredoxin or thioredoxin h can be used in the context of the invention. Such 

31 examples include spinach h\ chioroplast thioredoxin m and f, bacterial thioredoxins (e.g., E. coli ) yeast, 
and animal and the like. In addition, it is understood the NTR other than barley NTR protein also can 
be used in the context of the invention sucn as spinach, wneat. and NTR of monocots and dicots. 

This invention has been detailed both oy example and by description. It snould be apparent that one 
36 having orainary skill in the relevant an would be able to surmise eauivalents to the invention as 

described in the claims wnicn follow out wnich would be within the spirit of the foregoing Description. 
Those equivalents are included within the scope of this invention. All herein cited patents, patent 
applications, publications, r ferences and references cited therein are hereby expressly incoroorated 
by r ference in tneir entirety. 
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1 We claim: 

1 . A recombinant nucleic acid encoding a thioredoxin h protein comonsing a nucleic acid that 
hybridizes unaer high stnngency conditions to a sequence complementary to that set forth in 
Figure 2 (SEQ ID NO:1). 

6 

2. The recombinant nucleic acid of claim 1 comprising a nucleic acid sequence as set forth in 
Figure 2 (SEQ ID NO: 1 ). 

3. A recombinant nucleic acid encoding a thioredoxin h protein comprising a nucleic acid having 
1 1 at least 75% sequence identity to a sequence as set forth In Figure 2 (SEQ ID NO:1 ). 

4. A recombinant nucleic acid encoding an amino acid sequence as shown in Figure 1 (SEQ ID 

NO:2). 

16 5. A host cell comprising the recombinant nucleic acid of claim 1 , 2, 3, or 4. 

6. An expression vector comprising the recombinant nucleic acid of claim 1 , 2, 3, or 4 operably 
iinked to a transcriptional regulatory sequence. 

21 7. A host cell comprising an expression vector comprising the recombinant nucleic acid of claim 
1 , 2, 3 t or 4 operably linked to a transcriptional regulatory sequence active said host cell. 

8. A transgenic plant comDrising the recombinant nucleic acid of claim 1 . 2, 3, or 4. 

26 9 - A transgenic plant comprising an expression vector comprising the recombinant nucleic acid of 
claim 1, 2, 3, or 4 operably linked to transcriptional regulatory sequences active in said plant 

10. A transgenic plant comprising a host cell comprising an expression vector comprising the 
recombinant nucleic acid of claim 1 , 2. 3, or 4 operably iinked to a transcnptional regulatory 
31 sequence active in said cell. 

1 1 The transgenic plant of claim 1 0 wherein said host cell is a seed cell. 

12. A transgenic seed comprising the recombinant nucleic acid of claim 1 , 2, 3. or 4 operably 
36 linked to transcriptional regulatory seauences active in said seec. 

13. A method of expressing a thioredoxin h protein comorising culturing a host cell comprising the 
recombinant nucleic acid of claim 1 unaer conditions suitable for expression of said thioredoxin 
h protein. 

41 
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14. A method of expressing a thioredoxin h orotein comprising culturing a host cell comprising an 
expression vector comprising the recombinant nucleic acid of claim 1 operably linked to 
regulatory sequences active in said host cell unaer conditions suitable for exDression of said 
thioreaoxin h protein. 



6 15. A method of expressing a tnioredoxin h protein comprising cuitunng a transgenic plant 

comonsing the recomoinant nucleic acid of claim 1 under conditions suitable for expression of 
said thioredoxin h protein. 

16. A method of expressing a thioredoxin h protein comprising cuitunng a transgenic plant 

1 1 comorising an expression vector comprising the recombinant nucleic acid of claim 1 operabiy 

linked to regulatory sequences active in said transgenic plant under conditions suitable for 
expression of said thioreaoxin h protein. 

17. A method of expressing a thioreaoxin h Drotein comprising cuitunng the transgenic seed of 
16 claim 12. 



18. The method of claim 13, 14, 15, 16, or 17 furtner comprising recovering said protein. 

19. A recombinant thioredoxin h polypeptide encoded by the recombinant nucleic acid of claim 1 . 

21 

20. A recombinant thioredoxin h polypeptide comonsing an amino acid sequence having at least 
80% sequence identity with the sequence set forth in Figure 15 (SEQ ID NO:25). 

21 . The recombinant thioredoxin h polypeptide of claim 20 wherein said sequence is set forth in 
26 Figure 15 (SEQ ID NO;25). 



31 
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22. An antibody that specifically binds to the recombinant polypeptide of claim 1 9. 

23. The antibody of claim 22 wnerein said antibody is a monoclonal antibody. 

24. The antibody of claim 22 wherein said antibody inhibits a biochemical property of a 
recombinant thioredoxin h polypeptide compnsing an amino acia sequence having at least 
80% sequence identity with the seauence set forth in Figure 1 (SEQ ID NO:2). 



36 25. 



A method of identifying a bioactive agent that binds to a thioredoxin h polypeptide compnsing 
an amino acid sequence having at least 80% sequence identity with the sequence set forth in 
Figure 1 (SEQ ID NO;2), said method comprising; 

a) comommg said thioreaoxin h polypeptide ana a candidate oioactiv agent; and 

b) determining the binding of said candiaate bioactive agent to said thioredoxin h polypeptide, 
whereby said bioactive agent is identified. 
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26. A method of identifying a bioactive agent that modulates an activity of a thioredoxin h 
polypeptide comonsing an amino acic sequence naving at least 80% sequence identity with 
the sequence set forth in Figure 1 (SEQ ID NO:2). said method comprising; 

a) combining said thioredoxin h polypeptide and a candidate bioactive agent(s); and 

b) determining the effect of said candidate bioactive agent(s) on an activity of said thioredoxin 
6 h polypeptide. 

27. The method of claim 25 or 26. wherein step a) is combining said thioredoxin h polypeptide and 
a library of candidate bioactive agents. 

1 1 28. The method of claim 25 or 26 further comprising identifying said bioactive agent. 

29. A recombinant nucieic acid encoding an NTR protein comprising a nucleic acid that hybridizes 
under high stringency conditions to a sequence complementary to that set forth in Figure 5A 
(SEQ ID NO:10}. 

16 

30. The recombinant nucieic acid of claim 29 comprising a nucieic acid sequence as set forth in 
Figure 5A (SEQ ID NO:10). 

31 . A recombinant nucleic acid encoding an NTR protein comprising a nucleic acid having at least 
21 75% sequence identity to a sequence as set forth in Figure 5A (SEQ ID NO:10). 

32. A recombinant nucleic acid encoding an amino acid sequence as shown in Figure 4 (SEQ ID 
NO:9). 

26 33. A host cell comprising tne recombinant nucieic acid of claim 29. 30, 31 , or 32. 

34. An expression vector comprising the recombinant nucleic acid of claim 29. 30, 31 , or 32 
operably linked to a transcriptional regulatory sequence. 

31 35 - A nost cefl comprising an expression vector comprising the recombinant nucleic acid of claim 
29, 30, 31. or 32 operabiy linked to a transcriptional regulatory sequence active said host cell. 

36. A transgenic piant comprising the recombinant nucleic acid of claim 29, 30, 31 , or 32. 



36 ■ 37. 



A transgenic piant comprising an expression vector comprising the recomDinant nucleic acid of 
claim 29, 30. 31. or 32 operably linKed to.transcnptionai regulatory sequences active in said 
plant 



38. A transgenic Diant comprising a host cell compnsing an expression vector comprising the 
recombinant nucleic acid of claim 29. 30, 31. or 32 operably linked to a transcriptional 
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39. The transg nic piant of claim 38 wher in said host c II is a seed cell. 

40. A transgenic seed comprising tne recombinant nucleic acid of ciaim 29, 30, 31 . or 32 operably 
linked to transcriptional regulatory sequences active in said seed. 

41. A method of expressing an NTR protein comprising cultunng a host cell comprising the 
recombinant nucleic acid of ciaim 29 under conditions suitable for expression of said NTR 
protein. 

42. A method of expressing an NTR protein comprising cuituring a host cell comprising an 
expression vector comprising the recombinant nucleic acid dT claim 29 operably linked to 
regulatory sequences active in said host cell under conditions suitable for expression of said 
NTR protein. 

43. A method of expressing an NTR protein comprising cuituring a transgenic plant comprising the 
recombinant nucleic acid of ciaim 2S under conditions suitable for expression of said NTR 
protein. 

21 44. A method of expressing an NTR protein comprising cuituring a transgenic plant comprising an 
expression vector comprising the recombinant nucleic acid of ciaim 29 operably linked to 
regulatory sequences active in said transgenic piant under conditions suitable for expression 
of said NTR protein. 

26 45. A method of expressing an NTR protein compnsing cuituring the transgenic seed of claim 40. 

46. The method of claim 41 , 42, 43, 44, or 45 further comprising recovering said protein. 

47. A recombinant NTR polypeptide encoded by the recombinant nucleic acid of ciaim 29r 

31 

48. A recombinant NTR polypeptide comprising an amino acid sequence having at least 80% 
sequence identity with the sequence set forth in Figure 4 (SEQ ID NO:9). 

49. The recomoinant NTR polypeptide of ciaim 48 wherein said sequence is set forth in Figure 4 
36 (SEQIDNO:9). 

50. An antibooy that specifically bmas to the recombinant ooiypeptide of claim 47. 

51 . The antibody of ciaim 50 wherein said antibody .s a monoclonal antibody. 

41 
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52. The antiboay of claim 50 wherein said antibody inhibits a biochemical property of a 
recombinant NTR polypeptide comprising an amino acid sequence having at least 80% 
sequence identity with the sequence set forth in Figure 4 (SEQ ID NO:9). 

53. A method of iaentifying a bioactive agent that binas to an NTR polypeptide comprising an 
amino acid sequence having at least 80% sequence identity with the sequence set forth in 
Figure 4 (SEQ ID NO:9), said method comprising: 

a) combining said NTR polypeptide and a candidate bioactive agent; and 

b) determining the binding of said candidate bioactive agent to said NTR polypeptide, whereby 
said bioactive agent is identified. 

54. A method of identifying a bioactive agent that modulates an activity of an NTR polypeptide 
comprising an amino acid sequence having at least 80% sequence identity with the sequence 
set forth in Figure 4 (SEQ ID NO:9), said method comprising; 

a) combining said NTR polypeptide and a candidate bioactive agent(s); and 

b) determining the effect of said candidate bioactive agent(s) on an activity of said NTR 
polypeptide. 

55. The method of claim 53 or 54, wherein step a) is combining said NTR polypeptide and a library 
of candidate bioactive agents. 



56. The method of claim 52 or 53 further comprising identifying said bioactive agent. 

57. The transgenic plant of claim 9, wherein said recombinant nucleic acid is overexpressed in 
said transgenic plant in comparison to a non-transgenic plant of the same species. 

58. The transgenic plant of claim 37 , wherein said recombinant nucleic acid is overexoressed in 
said transgenic plant in comparison to a non-transgenic plant of the same species. 

59. An isolated nucleic acid encoding a thioredoxin h protein compnsing a nucleic acid that 
hybridizes under high stringency conditions to a sequence complementary to that set forth in 
Figure 2 (SEQ ID NO:1). 



The isoiatea nucleic acid of claim 59 comprising a nucteic acid sequence as set forth in Figure 
2(SEQIDNO:1). 

An isolated nucleic acid encoding a thioreaoxin n protein compnsing a nucleic acid having at 
least 75% sequence identity to a sequence as set forth in Figure 2 (SEQ ID NO:l). 

An isolated nucleic acid encoding an amino acid sequence as snown in Figure 1 (SEQ ID 

NO;2). 
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A transgenic plant comprising the isolat d nucleic acid of claim 59. 60. 61 . or 62. 
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64. A transgenic seed comprising the isolated nucieic acid of claim 59, 60, 61 . or 62 operably 
linked to transcriptional regulatory sequences active in said seed. 



65. A isolated nucleic acid encoding an NTR protein comprising a nucieic acid that hyoridizes 

under high stringency conditions to a sequence complementary to that set forth in Figure 5A 
(SEQ ID NO:10). 

1 1 66. The isolated nucleic acid of claim 65 comprising a nucleic acid sequence as set forth in Figure 
5A(SEQ!DNO:10). 

67. An isolated nucieic acid encoding an NTR protein comprising a nucieic acid having at least 
75% seauence identity to a sequence as set forth in Figure 5A (SEQ ID NO:10). 



68. An isolated nucieic acid encoding an amino acid sequence as shown in Figure 4 (SEQ ID 
NO:9). 

69. A transgenic plant comprising the isolated nucieic acid of claim 65, 66, 67. 68, or 69. 

70. A transgenic seed comprising the recombinant nucieic acid of claim 65, 66, 67, 68. or 69. 
operably linked to transcriptional regulatory seauences active in said seed. 

71 A transgenic plant or at least a part of said piant overexpressing a barley thioredoxin h protein. 

72. A transgenic plant or at least a part of said plant overexpressing a barley NADP-thioredoxin 
reductase protein. 
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Figure 4 
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Figure 5A 
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Thioredoxin h Constructs for Transformation 
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Sephadex G-50 Activity Profile of 
Thioredoxin from Barley Grains (+MDH) 
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Western Slot Analysis of Baney Grain 
Transformed with Wheat Thioredoxin 

SDS-PAGE: cv. Golden Promise 
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Exp. A: Spectrophotometry Assay 
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Figure 14 
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Figure 15 
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Figure 1 6A 
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Figure 17 
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Figure 18 



Different Relative Redox Status of Protein Fractions 
in Transgenic Barley Grain Over-Expressing 
Wheat Thioredoxin h vs. the Null Segregant: 
Dry and Germinating Grain 



E Dry Grain 

□ 1 Dav 
m 2 Day 




Albumin/Globulin Horciein I Hordein II Glutelin 

(Buff er + Salt) (Propanol) (Propanol + MET) (Borate •+- MET + SDS) 



